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Abstract 

We present a paleomagnetic database, designated MBD97, comprising sedimentary and lava data for the Matuyama- 
Brunhes reversal transition field. Using criteria regarding suitability of the rock samples, measurement methods and temporal 
resolution of the data, we consider 62 different studies of the Matuyama-Brunhes reversal; of these, only 11 satisfy our 
selection criteria: four lava sites, one loess site, three shallow-marine sedimentary sites, and three deep-ocean sedimentary 
sites. We discuss our reasons for accepting or disguarding each candidate data set. We investigate the distribution of 
transitional virtual geomagnetic poles (VGPs); they fall along American and Asian-Australian longitudes. The spatial and 
temporal complexity of the data indicate that the transitional field was almost certainly nonaxisymmetric and nondipolar. 
The directional transition of the Matuyama-Bmnhes reversal took ~ 2300-5000 years, during which time the surface 
intensity fell to ~ 10-20% of its pre- and post-transitional value. We do not find any systematic bias due to site distribution 
or inclination shallowing, although the errors in the data do vary over the duration of the reversal. MBD97 is a small 
database, but it has a fairly good geographic distribution and is suitable for studies of the Matuyama-Brunhes transition, 
nonetheless, it is clear that further analysis of transitions will benefit from a continued program of data collection and 
analysis. The data in MBD97 are listed. @ 1997 Elsevier Science B.V. 

Kevwords: Paleomagnetic database; Matuyama-Brunhes reversal transition field: Lava sites; Loess sites: Shallow-marine sediment; Deep 
ocean sediment 

1. Introduct ion 

The occasional reversal of the earth's magnetic 
field is one of the most perplexing phenomena in 
geophysics. Reversals occur with remarkable irregu- 
larity: the time between reversals can vary from 
hundreds of thousands to tens of millions of years, 
with the actual duration of a reversal, defined in 
terms of field directions, occurring over a relatively 
more brief period of thousands to tens of thousands 
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of years. In contrast to the temporal dependence of 
reversals, the spatial geometry of the re~:ersal transi- 

tion f i e ld  (RTF) displays a tantalizing regularity, 
maps of uirtual geomagnetic' poles (VGPs), corre- 
sponding to paleomagnetic directions at each site, 

tend to fall along two separate paths: one along 
longitudes of the Americans and the other along 
longitudes of Asia-Austral ia (Clement. 1991" Laj et 

al., 1991). However, the significance of these obser- 
vations is controversial (Valet et al., 1992: Egbert, 
1992; Langereis et al., 1992; McFadden et al., 1993; 
Prdvot and Camps, 1993; Barton and McFadden, 
1996). 
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What is clear is that further improvement in our 
understanding of the reversal process will depend on 
the analysis of quality data. But since the earth 
spends only a few percent of its time reversing, 
paleomagnetic samples which record the RTF are 
relatively rare. Transitional data come from sedimen- 
tary and lava rock samples which record the mag- 
netic field in different and complimentary ways. 
Paleomagnetic sedimentary samples are collected 
from lake bottoms, shallow-marine environments, 
ocean cores and wind-blown loess. Unfortunately, 
judging the reliability of these different data is often 
difficult; sedimentary data may be affected by tem- 
poral smoothing of the magnetic signal, variations in 
sedimentation rate, sediment compaction, and varia- 
tions in the magnetic properties and chemistry of the 
sediments with stratigraphic depth. On the other 
hand, paleomagnetic lava samples can provide much 
more reliable records of the magnetic field direction, 
and provide the only record of absolute intensity, but 
since volcanoes erupt sporadically, paleomagnetic 
lava data are usually a highly discontinuous record 
of geomagnetic field variations. 

Fuller et al. (1979), Athanassopoulos (1993) and 
Pr~vot and Camps (1993) have compiled paleomag- 
netic directional databases covering multiple rever- 
sals. More recently, Hartl and Tauxe (1996) and 
Camps and Pr~vot (1996) extended these compila- 
tions to include intensity data as well, while Singer 
and Pringle (1996) and Tauxe et al. (1996) have 
analyzed a number of records in order to better 
determine the date of the most recent reversal, the 
Matuyama-Brunhes (0.78 Ma). Here, we report our 
own survey of the literature for records of the 
Matuyama-Brunhes. The available transitional data 
come from a variety of published sources, written by 
numerous investigators over the last three decades. 
The data are of widely varying quality, and thus, 
some discrimination is necessary. We review the 
data and select a subset which satisfies certain crite- 
ria for a database, designated MBD97. 

2. Matuyama-Brunhes reversal records 

Beginning with a few definitions, an intermediate 
direction (I) is an inclination-declination pair with a 
corresponding VGP between latitudes ±55 °. Some 

investigators have used different cut-offs for defining 
intermediate directions: Pr~vot and Camps (1993) 
and Quidelleur et al. (1994) adopted + 60 °. In Fig. 1, 
we show the geographic variation of VGP latitude 
for the time-averaged (2.5 Ma) paleomagnetic field 
model of Gubbins and Kelly (1993) and for the 
modern field model of Bloxham and Jackson (1992). 
Note that the paleomagnetic field model shows much 
less departure from an axial dipole than the modern 
field model; the lowest VGP latitude is ~ 82 ° for the 
paleo field, as compared to ~ 55 ° for the modern 
field. The lower VGP latitudes of the modern field 
are due to nonaxial dipole structure, much of which 
is secular variation and is averaged-out over the long 
time scales assumed in constructing the paleomag- 
netic field model. Johnson and Constable (1996), 
seeking to exclude intermediate data, used a _+55 ° 
VGP latitude cut-off in their compilation of interre- 
versal paleomagnetic data. Clearly, because VGP 
latitude is a function of site location and field mor- 
phology, defining an intermediate direction is some- 
what arbitrary. In this compilation of intrareversal 
paleomagnetic data, we define a direction as normal 
(N) if it has a VGP latitude above 55 ° and re~'erse 
(R) if it has a VGP latitude below - 55 °. A direction 
is defined as transitional (T) if it is intermediate and 
part of a polarity transition, either R ~ N or N --* R, 
being bounded by N (R) and R (N) directions. A 
direction is defined as excursional if it is intermedi- 
ate but not part of a polarity transition, being bounded 
by N (R) and N (R) directions. The Matuyama- 
Brunhes polarity transition is R ~ N. 

To study the rapid and complicated changes in the 
magnetic field which occurred during the 
Matuyama-Brunhes transition, we seek a database 
consisting of intensity, inclination and declination 
(F, 1, D). The data should come from a globally 
well-distributed set of sites and each paleomagnetic 
record should pass minimal criteria. To establish 
selection criteria, we follow the published advice 
given in papers concerned with data collection (Valet 
et al., 1988; Clement, 1994), and we follow the 
example of Johnson and Constable (1996). The crite- 
ria are primarily concerned with the dating of the 
data, completeness in terms of (F, l, D), the mea- 
surement and demagnetization methods, mineralogi- 
cal variations of the rock samples, sedimentation 
rate, temporal resolution, consistency with data from 
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neighbor ing  sites, noise  content  and the pa leomag-  

net ic is t ' s  faith in his own  data. The details o f  our  

selection criteria are g iven  in Appendix  A. A discus- 

sion of  each candidate reversal  record is g iven  in 

Appendix  B; for the records which are not  accepted,  

we indicate which select ion criteria are not  satisfied. 

The results of  our select ion are summar ized  in Table  

1. O f  the 62 candidate data sets, only 1 1 satisfy our  

Paleo VGP Latitude 

C o n t o u r  i n t e r v a l  --- 1 

1985  VGP L a t i t u d e  

C o n t o u r  i n t e r v a l  -- 3 

Fig. I. Contour map of" VGP latitude for time-averaged (2.5 Ma) paleomagnetic field model of Gubbins and Kelly (1993) and of the modern 
field model of Bloxham and Jackson (1992) for 1985. Contour units are in degrees. 
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s e l e c t i o n  cr i te r ia :  f o u r  l ava  s i tes ,  o n e  l o e s s  si te,  t h r e e  

s h a l l o w - m a r i n e  s e d i m e n t a r y  s i tes  and  t h r e e  d e e p - o c -  

e a n  s e d i m e n t a r y  s i tes .  F r o m  t h e s e  s e l e c t e d  s i tes ,  

t h e r e  are  650  d i r e c t i o n s ,  170 o f  w h i c h  are  i n t e r m e d i -  

ate,  a n d  o f  t hese ,  73 are  t r ans i t iona l ;  t h e r e  are  e i g h t  

a b s o l u t e  i n t ens i t y  m e a s u r e m e n t s  and  380  re l a t ive  

M a t u y a m a - B r u n h e s  P a l e o m a g n e t i c  S i t e s  
I I I I 

--~_4.'-~_Y~_. ~ ~ , ~ ~  . ~ .  ~ i 7-,,' 
. . . ~~ . . . . . . - . . : . - . .~ . .~ . . . . . . i . . . . ~ .~ . .~~ . i~ .o  ......... !.......'.. ......... ~ i . i ~  

~ i c . ~  i f f i  I ~ . ~  i , , 
. . . . .  . . . . . .  . . . . . . . .  

. . . . . . . . . . . . . . . . . .  i . . . . . . . . . . . . . . . . . . .  " . . . . .  ~ -  . . . . .  ~ :  . . . . . . . . . . . . . . .  ' . . . . . . . . . .  * ~  . . . . . . . . . .  - . . . . . . . .  ' . . . . . . . . . . . . . . . . . . .  i "  . . . . . . .  ~ "  

Average  a n g u l a r  d i s t a n c e  f r o m  s i t e s  

" 

i " i 

I 

C o n t o u r  i n t e r v a l  = 1 

Fig. 2. The geographic distribution of the 62 candidate sites and contour plot of the average angular distance form the accepted data sites. 
Solid star (openstar) indicates a site (not) included in this compilation. For the contour plot, the two Boso sites in Japan are counted as one 
site. The area least well covered area is the southern Atlantic and the best covered area is the northern Pacific. Note that perfectly uniform 
coverage would correspond to a contour level of 90 °. 
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intensity measurements. Although the site distribu- 
tion is sparse, it is fairly uniform (see Fig. 2). In 
Appendix C, we list the data of MBD97. 

3 .  D i s c u s s i o n  

MBD97 allows us to address a number of issues 
concerning the nature of the transitional field, some 
of which are well established and others of which 
remain controversial. Beginning with the less con- 
tentious points, it is fairly well documented that a 
field reversal is initiated by a gradual diminution in 
intensity, followed by a relatively rapid change in 
field direction and a subsequent increase in intensity 
(Lin et al., 1994). The decrease in transitional inten- 
sity at the earth's surface could be due to a combina- 
tion of an actual decrease in the field intensity at the 
core surface and a shift in field energy from long 
wavelength (low spherical harmonic degree) ingredi- 
ents to short wavelength (higher spherical harmonic 
degree) ingredients, thereby causing an apparent de- 
crease in intensity at the earth's surface due to 
geometric attenuation. However, the fact that the 
intensity decrease occurs before the field directions 
change is probably indicative of at least some real 
decrease in core surface field intensity. MBD97 
shows that the directional transition of Matuyama- 
Brunhes took ~ 2300-5000 years, during which the 
surface field intensity fell to ~ 10-20% of the pre- 
and post-transitional field strength. Following Da- 
gley and Wilson (1971), we plot the relative intensity 
versus VGP latitude (see Fig. 3). 

The transitional data of MBD97 indicate that the 
Matuyama-Brunhes RTF was nonaxisymmetric and 
nondipolar. Laj et al. (1991) plotted the VGP paths 
from a number of sedimentary records for the last 
several reversals. What emerged from their analysis 
was an apparent preference for the transitional VGP 
to fall along two paths, one located along the Ameri- 
cans and the other along Asia-Australia. It has been 
noted that such an effect may be due to a nondipolar 
transitional field (Clement, 1991; Gubbins and Coe, 
1993); indeed, MBD97 has intermediate VGPs which 
tend to fall along the American and Asia-Australian 
paths (see Figs. 4 and 5). 

However, the significance of observations such as 
these has been disputed. The preferred paths may be 

10f "  ° 0.8 " .. 
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o2 
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Fig. 3. Relative intensity versus VGP latitude. The intensities have 
been normalized so that the pre- and post-transitional data vary 
with site latitude like that of an axial dipole. 

merely an artifact of a poor distribution of sites 
(Valet et al., 1992) combined with a bias inherent to 
the VGP mapping (Egbert, 1992) causing VGPs to 
fall along longitudes _ 90 ° from site longitudes. This 
effect could be enhanced by inclination shallowing 
of the sedimentary records (Barton and McFadden, 
1996), particularly during weak transitional field 
strengths. It has also been suggested that the pre- 
ferred paths may be an artifact of post-depositional 
smoothing of the sedimentary data (Langereis et al., 
1992), although Zhu et al. (1994) have noted that 
this is unlikely because of evident rapid directional 
changes in some transitional records. 

To check for possible bias due to site distribution, 
we consider the VGP longitude minus site longitude 
(see Fig. 6). Note that the longitudinal difference 
shows no obvious tendency to fall along longitudes 
+ 90 ° from site longitudes, even during periods of 
weak field strength or low VGP latitude. And from 
inspection of the histograms in Fig. 6, it is clear that 
the VGPs, rather than falling along longitudes + 90 ° 
from site longitudes, tend to fall along longitudes 
closer to the site longitudes. Such an effect is consis- 
tent with a nondipolar transitional field where the 
local magnetic field vector simply points towards 
(away from) the nearest concentration of negative 
(positive) flux (Gubbins and Coe, 1993). We con- 
clude that the tendency for VGPs from MBD97 to 
fall along preferred longitudes is not the result of 
bias introduced by a poor distribution of sites. 

Next, we check for inclination shallowing. Instead 
of displaying the data by proxy VGPs, it is more 
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Tahiti Tongjing China 

W ' w ~  

H a w a i i  C h i l e  

Weinan China Boso Japan 

A"* 

New Zealand 609B 

• 

664D V16-58 

Fig. 4. VGPs for MBD97 with o~95 < 30 ° for each site. Note that the two Boso Japan sites have been plotted together. 
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VGPs of MBD97 

5 0  

4O 

50  

20  

10 

0 
- 1 8 0  

I l i I 

- 9 0  0 90  1 8 0  

VGP L o n g i t u d e  

Fig. 5. Geographic distribution of all VGPs lor MBD97 with 
~}s < 30 °, together with histogram showing the longitudinal dis- 
tribution of the intermediate VGPs (those with latitudes between 
+55°). 

straightforward to simply display data anomalies. We 
define an inclination anomaly A(1) as the deviation 
from the inclination of an axial dipolar field, 

A ( I )  = 1 - tan-  l (2tan(/~Site)) for AVG p > 0 °, (l) 
A ( I )  = I + tan-~ (2 tan()~Site)) for 3,va p < 0 °, 

where &.re and Av6 P are the site latitude and VGP 
latitude, respectively. Thus, the inclination anomaly 
is negative if there is shallowing and positive if there 
is deepening. Similarly, we define a declination 
anomaly A(D),  

A ( D )  = D + n360 ° for Avup > 0 °, 

A(D) =D-180°+n360°forAvap<0 °, (2)  

where n is an integer which is adjusted so that 
- 180 ° < A ( D )  < 180 ° . 

Using these definitions in Fig. 7, we plot the 
intensity versus inclination and declination anoma- 
lies for the sedimentary data. Note that the scatter of  
the anomalies increases with decreasing field inten- 
sity, consistent with a relatively weak nonaxisym- 

metric nondipolar transitional field. Interestingly, 
there is no obvious inclination shallowing with de- 
crease in field intensity. In fact, if anything, the 
situation is slightly the opposite, namely inclination 
deepening, something we interpret as part of  the 
secular variation. Similarly, the plots of  VGP latitude 
versus inclination anomaly and the histograms of the 
anomalies all demonstrate a lack of inclination shal- 
lowing in the sedimentary data of  MBD97. This 
point is emphasized in Table 2, where we display 
(A(1)) and (A(D)), the average inclination and 
declination anomalies, respectively, and ~ra(l) and 
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Fig. 6. Relative intensity, VGP latitude and binned distributions of 
VGPs versus VGP longitude minus site longitude. The intensities 
have been normalized so that the pre- and post-transitional data 
vary with site latitude like that of an axial dipole. I denotes 
intermediate VGPs only (those with latitudes between _+55°). 
Note that the histograms do not show any obvious tendency for 
the VGPs to fall along longitudes _+ 90 ° from the site longitude. 
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O'A(D), the corresponding standard deviations; notice 
that (A(1 ) )  is positive for the sedimentary data. We 
conclude that the apparent tendency for VGPs from 
MBD97 to fall along preferred longitudes is not the 
result of systematic errors in the data caused by 
inclination shallowing of the sedimentary records. 

Another issue which we need to address is the 
degree of serial correlation of the sedimentary data. 
Because the degree of alignment of magnetic parti- 
cles in sediment depends on the field strength, it 
might be expected that the temporal scatter of the 
inclinations will increase with decreasing intensity, 
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Fig. 7. Relative intensity, VGP latitude and binned distributions of 
VGPs versus inclination anomaly, A(I), and declination anomaly, 
A(D), each measured in degrees, for all sedimentary data. I 
denotes intermediate VGPs only (those with latitudes between 
+_55°). Note that the inclination anomaly is, on average, positive, 
indicating slight inclination deepening of the data. 

Table 2 

Average inclination anomaly, ( A ( I ) ) ,  and declination anomaly, 
(A(D)), for all sedimentary data, together with their standard 
deviations, O'a(l) and o'a(o). I denotes intermediate data only 

1 and  D anomaly properties 

Data ( A( I ) )  Gnu ~ ( A(D))  ErA(D) 

All sed. data 9.5 ° 29 .0  ° - 3 . 6  ° 2 9 . 6  ° 

l sed. da ta  16.3 ° 4 7 . 7  ° - 6 . 5  ° 4 2 . 4  ° 

and the temporal scatter of the declinations will 
increase with either a decrease in field intensity or 
with the field approaching vertical. It may also be 
the case that field directions change more rapidly 
during periods of weak field intensity, in which case 
temporal scatter may be, at least partially, due to 
rapid secular variation. We can measure the temporal 
scatter, normalized by intensity, by measuring the 
excursion from a temporal running average. For each 
stratigraphic level i, we define the quantities 

o - ( I ) ,  = ( I  i - ( l i )  ) (Fi) -~o' (3) 

~(D),= (D,-(D,))(~)  . 

F o, is used for normalization of the relative intensi- 
ties; we define F 0 so that F / F  o, for the pre- and 
post-transitional data, varies with site latitude like 
that of an axial dipole. The horizontal intensity is 
H = F cos(I).  The quantity ( - - .  ) denotes a three- 
point running average of vertically adjacent strati- 
graphic levels.Note that o-(I) and o-(D) are similar 
to the weighted residuals used in modelling modem 
field data (Lowes, 1975). 

The quantities given in Eq. (3) are plotted in Fig. 
8. Insofar as the scatter functions represent our at- 
tempt to measure the errors in the data, their nonnor- 
real distributions may indicate that the degree of 
magnetization acquired by the sediment is not simply 
proportional to the applied field intensity (this would 
hardly be surprising). It may also be the case that 
secular variation not resolved well by the discrete 
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Fig. 8. Relative intensity, VGP latitude and binned distributions of VGPs versus intensity scatter, o-(F),  inclination scatter, o-(1), and 
declination scatter, o-(D), for all sedimentary data. Both or( l )  and cr (D)  are measured in degrees. I denotes intermediate VGPs only (those 
with latitudes between +55°).  

sampling of the sediments, especially during periods 
of  weak field intensity when the secular variation 
may be very rapid, is at least partially responsible for 
the nonnormal form of the distributions shown in 
Fig. 8. Of course, from the simple analysis employed 
here, we have no way of  distinguishing between 
these two possibilities. Nonetheless, if we were to 
ignore the few outliers near the tails of  the distribu- 

tions, then they might be approximated better as 
normal. We suggest that a reasonable tolerance within 
which to fit the directions, should this be desired, is 
~ 1-2% with the inclination weighted proportional 
to total intensity and declination weighted propor- 
tional to horizontal intensity. Likewise, noting that 
the intensity scatter is roughly log-normal, we sug- 
gest a tolerance for the intensities of ~ 10-20%. 
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4. Conclusions A. 1. Criteria applied to all transitional records 

Whether or not the transitional VGPs are confined 
to, preferred longitudes remains controversial. 
MBD97 is obviously a fairly small database, consti- 
tuting what we believe is the best available data 
recording the Matuyama-Brunhes  transition, 
nonetheless, it appears to show confinement and we 
have shown that this result appears to be fairly 
robust. The tendency for transitional VGPs to fall 
along preferred longitudes probably indicates some 
underlying nondipolar structure in the transitional 
data (Gubbins and Sarson, 1994), albeit somewhat 
difficult to decipher (Gubbins, 1994). Future analysis 
of transitional data might be made though a multipo- 
lar fit to the transitional data. Such a program should 
treat the data errors appropriately and consider the 
poorly determined emplacement times of the data at 
each site. 
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Appendix A. Selection criteria 

We describe the selection criteria. We follow the 
published advice given in papers concerned with 
data collection (Valet et al., 1988; Clement, 1994), 
and we follow the example of Johnson and Consta- 
ble (1996). Because there are some questions about 
the ability of sediments to record reliably the mag- 
netic field during a reversal (Hoffman and Slade, 
1986), we require that sedimentary records satisfy 
several criteria in addition to those applied to lava 
records. These extra criteria are concerned with the 
mineralogical homogeneity of the sediments and 
temporal resolution, and are not necessarily applied 
appropriately to temporally discontinuous volcanic 
records. 

[Date]: Transitional data must belong to the 
Matuyama-Brunhes transition. In the case of ocean 
core data, this determination is usually easy: the 
Matuyama-Brunhes transition is the uppermost 
nonexcursional transition in the stratigraphic column. 
In the case of lava samples, at least some samples 
should have been dated radiometrically or by ther- 
moluminescence. 

[Demag.]: The samples, or pilot samples, should 
have been step-wise alternating field (AF) or thermal 
(T) demagnetized, and the demagnetization should 
have yielded a natural permanent magnetization 
(NRM) with a characteristic field direction which 
indicates that overprinting has been removed. The 
demagnetization must have been applied to discrete 
samples; we do not, for example, accept measure- 
ments made of ocean cores by shipboard pass-through 
magnetometers after bulk demagnetization. 

[I  and D]: Transitional records must include both 
inclination ( I )  and declination (D); we accept rela- 
tive declination from azimuthally unoriented ocean 
c o r e s .  

[Author Judge]: If the authors themselves con- 
clude that their data are unacceptable then the data 
are not included in MBD97. 

A.2. Additional criterion applied to lava records 

[Intensity]: We accept absolute intensity measure- 
ments taken from lava samples when the Thellier 
method was used. 

[Resolution]: We require that lava records have at 
least one transitional direction. 

A.3. Additional criteria applied to sedimentar).' 
records 

[Intensity]: We accept relative intensity measure- 
ments from sediments in the form of NRM when it 
appears that the sediment mineralogy is relatively 
uniform over stratigraphic height. The uniformity 
can be measured, for example, by the anhysteretic 
remanent magnetization (ARM), isothermal rema- 
nent magnetization (IRM) or susceptibility (X); we 
arbitrarily set an upper limit of 10% for variation of 
these quantities if unnormalized NRM is to be ac- 
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cepted as a relative intensity estimate. Otherwise, if 
the variation is larger, then we require that the 
intensity be normalized by dividing the NRM by 
ARM, IRM, or X. 

[Mineral]: In order to insure the relative reliability 
of data taken from sedimentary samples of different 
stratigraphic levels, we require that magnetic proper- 
ties of the samples, as measured by ARM, IRM or 
X, should not vary by more than a factor of three 
over the depth of the transition (Clement, 1994). 

[Sed. Rate]: Ocean cores should have a sedimenta- 
tion rate greater than 3 c m / k y r ;  lesser rates are 
unlikely to give sufficient resolution due to smooth- 
ing of the magnetic signal (Clement, 1994). 

[Resolution]: In the case where the Matuyama-  
Brunhes RTF is recorded at a site as a single polarity 
transition, R ~ N, then we require that the sedimen- 
tary paleomagnetic record have three or more con- 
secutive transitional directions preceded by a reverse 
and followed by a normal direction, RTTTN. On the 
other hand, some sites record the overall transition as 
a series of rapid changes of polarity, for example, 
R ~ N ~ R ~ N. In such a case, we require that at 
least one of the polarity transitions has at least three 
consecutive transitional directions, thus, NTTTR is 
acceptable. Ideally, for the case of  multiple polarity 
fluctuations, we would like to require that each 
polarity transition be recorded with three intermedi- 
ate directions, but this is rarely realized. A record 
with at least one combination of  RTTTN or NTTTR 
gives us some minimal temporal resolution. 

A.4. Additional important issues 

[Consistency]: Neighboring paleomagnetic records 
should be consistent. This is obviously a subjective 
criterion, but in fact, no data are excluded solely on 
the basis of inconsistency. We find several cases of  
apparent inconsistency to be obvious by inspection, 
and we discuss each case individually. 

[Scatter]: Samples from the same stratigraphic 
section must not exhibit excessive scatter. The dis- 
persion in the directions is usually measured by the 
precision parameter o~95, the semi-angle of  the cone 
of 95% confidence centered on the mean direction. 
Unfortunately, a95 is not always reported in the 
paleomagnetic literature. When a95 is available, it 
might be wise to exclude any data which exceed 

some chosen cut-off, in their database of nontransi- 
tional data, for example, Johnson and Constable 
(1996) excluded all data for which a95 exceeded 
30 ° . We have not excluded any data on the basis of 
excessive a95, but we note the cases where a95 
exceeds 30 ° . 

A.5. Future selection criteria 

We would like to emphasize that the above crite- 
ria should not be regarded as defining an acceptable 
level for future gathering of reversal data. If we were 
to compile a wish list of  selection criteria, we would, 
for example, like to require that step-wise demagne- 
tization be performed on all samples (Valet et al., 
1988), not just pilot samples (we have accepted pilot 
sample studies for this compilation), and ideally both 
AF and T demagnetizations, applied to separate sam- 
ples, should yield consistent results. We would like 
to require that all relative intensity measurements be 
normalized by ARM, IRM or X- And concerning 
ocean sedimentary data, we would like to see consis- 
tent results come from neighboring cores (much of 
the ocean sedimentary data accepted in this compila- 
tion comes from isolated cores). We have, by neces- 
sity, had to compromise some of our ideal expecta- 
tions with practical realities: if we applied overly 
strict selection criteria we would have an even smaller 
database, or, indeed, no database at all. We also 
realize that time and money are important limiting 
factors in many paleomagnetic studies. Nonetheless, 
in the course of completing this work, it became 
apparent to us that the quality of data has improved 
dramatically over the last decade, and the clarity 
with which it is communicated has improved as well. 
We hope that these trends continue. 

Appendix B. Evaluation of data 

In the discussion which follows, we indicate the 
grounds for not accepting data by [n], where n 
denotes a selection criterion. 

B. 1. Lal,a data 

B. 1. I. Iceland 
Kristjfinsson et al. (1988) analyzed samples from 

the EyjafjiSll region of  southern Iceland near the 
Nfipakot farm (NU) and from the TjiSrnes Peninsula 
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of northern Iceland. NU samples were oriented, the 
orientation of the TjiSrnes is not reported. A correc- 
tion for 1 ° tectonic tilt was applied to the Tj6rnes 
samples. Four to seven samples per lava flow were 
collected over stratigraphic sections which Kristjfins- 
son et al. believe records the Matuyama-Brunhes 
transition. Samples were step-wise AF demagnetized 
up to 25 mT. Thermomagnetic analysis yielded two 
Curie points for some of the NU samples; all inten- 
sity measurements are reported as unnormalized 
NRM [Intensity]. Although reverse and normal direc- 
tions were measured in both sites, no transitional 
directions were measured in the NU flows [Resolu- 
tion], but several transitional direction were mea- 
sured in the Tj~rnes flows, c~95 is nearly always 
below 10 °. One flow from NU was dated by the 
K-Ar  method, yielding an age of 0.78 Ma, in accor- 
dance with the date of the Matuyama-Brunhes tran- 
sition. Tj~rnes flows could not be dated accurately, 
thus, it is not certain whether the intermediate direc- 
tions correspond to the Matuyama-Brunhes transi- 
tion or an excursion [Date] (see p. 221 of Kristj~ns- 
son et al., 1988). 

• We do not accept data from Iceland in this 
compilation. 

B.1.2. Tahiti 
Chauvin et al. (1990) analyzed samples from 

Punaruu Valley in Tahiti. Four to eleven oriented 
samples per lava flow were collected, spanning the 
duration of the Matuyama-Brunhes RTF. Samples 
from all flows were step-wise AF demagnetized up 
to 100 mT, generally 10 mT was sufficient to re- 
move overprint. Duplicate samples from all transi- 
tional flows and some normal and reverse flows 
were step-wise T demagnetized to over 500°C. Sus- 
ceptibility was measured for most flows, and was 
found to vary by a factor of ~ 3; we note that three 
transitional flows were not measured for X. Absolute 
intensity was estimated by Thellier method. Five 
transitional directions were measured. No c~95 ex- 
ceeds 30 °. Some samples were dated by the K-Ar  
method, their dates span the Matuyama-Brunhes 
transition. 

B. 1.3. Discussion of Tahiti 
The Tahitian lava data exhibit a fairly monotonic 

change in both declination and inclination, with tran- 

sitional VGPs which cluster off western Australia, 
similar to the VGP clusters found by Hoffman (1992) 
from Hawaiian data covering other reversals. 

• We accept directional and absolute intensity 
data from Tahiti in this compilation, obtained from 
Tables 2 and 3 of Chauvin et al. (1990). 

B.I.4. Tonjing, China 
Zhu et al. (1991) analyzed samples from the 

Tongjing basalts, Shandong Province, in northeastern 
China. The site consists of a layer of loess overlaid 
by three lava flows and divided by a dyke; multiple 
oriented samples were taken from each unit, includ- 
ing the baked loess. Each sample was step-wise T 
demagnetized up to 560°C. Absolute intensity was 
estimated by Thellier method. Only one transitional 
direction was measured. No c~95 exceeds 30 °. Only 
the lowermost baked loess level (LB) was dated, and 
that by thermoluminescence. 

B. 1.5. Discussion of Tongjing, China 
An estimate of paleomagnetic errors can be made 

this site. Since the lava reheated the underlying 
loess, after which the lava and the loess cooled 
simultaneously, intensity and directions extracted 
from the loess should agree with those extracted 
from the lava, at least to within reasonable error 
estimates. Post-depositional chemical alteration is re- 
sponsible for much of the source of errors in inten- 
sity estimates (Merrill and McElhinny, 1983), there- 
fore, this comparison is attractive since loess and 
lava have very different chemical composition. The 
difference in intensity between the loess and lava is 
about 8 /zT. On the other hand, the directions differ 
by only about 2 ° . The Chinese lava data from 
Tongjing has only a single transitional direction, 
corresponding to a VGP in the middle of Africa. 

• We accept directional and absolute intensity 
data from Tongjing in this compilation, obtained 
from Table 1 of Zhu et al. (1991). 

B. 1.6. Hawaii 
Baksi et al. (1992) analyzed samples from 

Haleakala Volcano in the Hawaiian island of Maui. 
In this reconnaissance study, two to three oriented 
samples per lava flow were collected (Hsu, personal 
communication) spanning the duration of the 
Matuyama-Brunhes RTF. Samples from all flows 
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were step-wise AF demagnetized up to 50-60 mT 
(Hsu, personal communication), and less than 25 mT 
was sufficient to remove overprint. Intensity is re- 
ported as unnormalized NRM [Intensity]. Four con- 
secutive transitional directions were measured, ff95 
is not reported. Flows were dated by the Ar-Ar  
method: flow 3, which corresponds stratigraphically 
to the oldest flow was dated at > 0.850 Ma, indicat- 
ing that it records an excursion well before the 
Matuyama-Brunhes transition; the three younger 
flows 4 -6  have an average age of 0.783 Ma. Thus, 
the Hawaii data represents a partial recording of the 
Matuyama-Brunhes RTF. 

B. 1.7. Discussion of Hawaii 
The Hawaiian data show no pattern in only a very 

few transitional field directions. 
• We accept directional data from Hawaii in this 

compilation, obtained from Table 1 of Baksi et al. 
(1992). 

• We do not accept intensity data from Hawaii in 
this compilation. 

B.1.8. Chile 
Brown et al. (1994) analyzed samples from Vol- 

can Tatara-San Pedro in the central Chilean Andes. 
Oriented samples were step-wise AF demagnetized 
up to 80 roT. Mineralogical analysis was conducted 
(Pickens, personal communication), but this has not 
yet been published and intensity is reported as un- 
normalized NRM [Intensity]. Ten transitional direc- 
tions were measured. No a95 exceeds 30 °. Flows 
were dated by the K - A r  and Ar-Ar  method, and all 
the transitional flows were unambiguously deter- 
mined to belong to the Matuyama-Brunhes transi- 
tion. 

• We do not accept intensity data from Chile in 
this compilation. 

B. 1.10. Cana©' Islands 
Quidelleur and Valet (1996) analyzed samples 

from La Palma, Canary Islands. Two adjacent se- 
quences were sampled, one from the Barranco de 
Las Lomadas (LL) and the other from Los Sauces 
(LS). Samples were oriented by sun compass or 
magnetic compass; Quidelleur and Valet preferred 
solar azimuths, and applied a 5 ° W correction to the 
magnetic azimuths. Three to fifteen samples per lava 
flow were collected, spanning the duration of the 
Matuyama-Brunhes RTF. For each flow, samples 
were step-wise AF demagnetized up to 100 roT, and 
duplicate samples were step-wise T demagnetized up 
to 590°C; generally, 10 mT and 350°C was sufficient 
to remove overprint. ARM, IRM and X were mea- 
sured for each flow, and found to vary by a factor of 
~ 5, indicating significant variation in the concentra- 
tion of the magnetic carrier from one flow to an- 
other. A R M / x  also showed considerable variation, 
up to a factor of ~ 5, indicating considerable varia- 
tion in the magnetic grain size; the magnetic carrier 
was judged to be magnetite to titanomagnetite. Abso- 
lute intensity was estimated by Thellier method, with 
corrections for mineralogical variations. No transi- 
tional directions were measured from either sequence 
[Resolution]. The LL sequence records an excursion 
sometime after the transition, but the date of these 
flows has, unfortunately, not been determined and it 
may not be part of the Matuyama-Brunhes transition 
[Date]. None of the LS samples have been dated 
[Date]. No ce95 exceeds 30 °. 

• We do not accept data from Canary Islands in 
this compilation. 

B. 1.9. Discussion of Chile 
We note that the single normal direction reported 

is dated at 0.33 Ma. The Chilean lava data exhibit a 
single abrupt change in declination followed by an 
abrupt change in inclination, with transitional VGPs 
which cluster around Australia like the VGP clusters 
found by Hoffman (1992) from Hawaiian data cover- 
ing other reversals. 

• We accept directional data from Chile in this 
compilation, obtained from Table 1 of Brown et al. 
(1994). 

B.2. Lake sediments 

B.2.1. Lake Tecopa 

B.2.1.1. Tecopa l. Hillhouse and Cox (1976) first 
studied samples from the Lake Tecopa site, east of 
Death Valley, CA. Three to six oriented samples 
were taken at each stratigraphic level. Pilot samples 
were step-wise AF demagnetized up to 20 mT, and a 
blanket demagnetization of 15 mT was applied to the 
remaining samples. Intensity was estimated by un- 



222 J.J. Loce, A. Mazaud / Physics c)['the Earth and Planeta O' Interiors 103 (1997) 207-245 

normalized NRM after partial AF demagnetization at 
15 mT [Intensity]. ARM was found to vary by a 
factor of ~ 2 over the depth of the transition; the 
magnetic carrier is not reported, but was later found 
by Valet et al. (1988) to be magnetite. Multiple 
transitional directions were measured. One direction 
has a95 which exceeds 30 ° [Scatter]. 

B.2.1.2. Tecopa 2. Valet et al. (1988) resampled the 
Tecopa site. Two to three oriented samples were 
taken at each stratigraphic level. Samples were step- 
wise AF demagnetization up to 50 mT and identical 
samples were step-wise T demagnetized to over 
600°C. Relative intensity was estimated by 
NRM/ARM after partial T demagnetization at 
300°C. ARM, SIRM and X were tbund to vary by a 
factor of ~ 2 over the depth of the transition; SIRM, 
ARM and thermomagnetic analyses indicated that 
the primary magnetic carrier is magnetite. Multiple 
transitional directions were measured, c~5 is not 
reported. 

B.2.1.3. Tecopa 3. Larson and Patterson (1993) ana- 
lyzed samples from the same locality studied by 
Hillhouse and Cox and Valet et al., plus samples 
from an additional locality. Oriented samples were 
subjected to a preliminary AF demagnetization at 15 
roT, then the samples were step-wise T demagne- 
tized up to 610°C. Intensity was estimated by unnor- 
realized NRM after partial AF and T demagnetiza- 
tion at 15 mT and 610°C [Intensity]. No analysis of 
the magnetic mineralogy with depth is reported 
[Mineral]; thermomagnetic analysis indicated that the 
primary magnetic carrier is magnetite with an abun- 
dance of titanomagnetite and hematite. A few inter- 
mediate directions were measured, c~5 is not re- 
ported. 

B.2.1.4. Discussion (~[ Tecopa. Valet et al. could not 
reproduce the directions obtained by Hillhouse and 
Cox after AF demagnetization, and furthermore, T 
demagnetization yielded directions which were in- 
consistent with both their own AF results and those 
of Hillhouse and Cox [Demag.]. This problem was 
severe enough that some samples yielded normal 
magnetization after AF cleaning, but identical sam- 
ples yielded reverse magnetization after T cleaning, 
see Figure 6 of Valet et al. (1988). Both studies 

found transitional VGPs confined to longitudinal 
bands, but those of Hillhouse and Cox are 120 ° east 
of those of Valet et al., compare Figure 7 of Hill- 
house and Cox (1976) with Figure 8 of Valet et al. 
(1988). Larson and Patterson found yet more mutu- 
ally contradictory records of the RTF [Consistency]. 
Larson and Patterson concluded that the sediments 
from Lake Tecopa are contaminated by post-deposi- 
tional remanent magnetization (PDRM) and chemi- 
cal remanent magnetization (CRM) [Author Judge]. 

• We do not accept any Lake Tecopa data in this 
compilation. 

B,2.2. Bishop 
Liddicoat (1993) analyzed samples from three 

separate localities near Owens Lake, Bishop, CA. 
Samples were oriented; Liddicoat reports an orienta- 
tion accuracy of _+2 ° . Three to six samples were 
taken at each stratigraphic level. Pilot samples from 
each stratigraphic level were subjected to step-wise 
AF demagnetization up to 80 roT, finding that 20 mT 
removed most of the overprint. Most of the remain- 
ing samples were blanket AF demagnetized at 20 
roT. A few samples were step-wise T demagnetized 
up to 625°C. Intensity was estimated by unnormal- 
ized NRM after partial AF demagnetization at 20 mT 
[Intensity]. No analysis of the magnetic mineralogy 
with depth is reported [Mineral]; thermomagnetic 
magnetic analysis indicated that the primary mag- 
netic carrier is magnetite with some hematite. Local- 
ity AI gave only one transitional direction [Resolu- 
tion], A2 gave only two consecutive transitional 
directions, A3 gave three transitional directions but 
only two are consecutive [Resolution]. The data ex- 
hibit a great deal of scatter: 0~95 exceeds 30 ° for all 
transitional data at all three sites [Scatter] (see Table 
1 of Liddicoat, 1993). Liddicoat concludes that the 
data do not capture the true behavior of the paleo- 
magnetic field [Author Judge]. 

• We do not accept any Bishop data in this 
compilation. 

B.3. Loess 

B.3.1. European sites 

B.3.1.1. Cert,en~. Kopec 1. Bucha (1970) analyzed 
samples from (~erven~ Kopec (Red Hill) near Brno 
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Czechoslovakia. Oriented samples were collected at 
2-cm intervals from a stratigraphic layer 4 m thick. 
After experimenting with AF and T demagnetization 
and simple reorientation of the samples in the earth's 
ambient magnetic field, Bucha concluded that over- 
print could be removed by simply reorienting the 
samples so that their magnetic vectors were directed 
opposite the earth's and then waiting a week [De- 
mag.] (see p. 258 of Bucha, 1970). Absolute inten- 
sity was estimated from laboratory resedimentation 
experiments of slurries made from field samples 
[Intensity]. No analysis of the magnetic mineralogy 
is reported [Mineral]; some change in the color of the 
sediments is noted. Several transitional directions 
were measured. The author was unable to determine 
if the transitional data belong to the Matuyama- 
Brunhes transition or the Lower Jaramillo [Date] (see 
p. 260 of Bucha, 1970). o~9~ is not reported. 

B.3.1.2. Cerven)'; Kopec 2, Suchdol. KoCh" et al. (1974) 
analyzed samples from Cerven~ Kopec and from 
Suchdol near Prague. The orientation of the samples 
is not reported. A blanket AF demagnetization of 20 
mT was applied to the samples, but no step-wise 
demagnetization of any samples is reported [Demag.]. 
Some analysis of the magnetic mineralogy was per- 
formed, but its variation with depth is reported 
[Mineral]; the magnetic carrier is not reported. Inten- 
sity for Cerven¢ Kopec 2 is not reported [Intensity]; 
intensity for Suchdol was estimated by unnormalized 
NRM after partial AF demagnetization at 20 mT 
[Intensity]. We note that the Matuyama-Brunhes 
RTF at the Suchdol site occurs over a boundary 
between two different types of soils (see Figure 1 of 
Ko(:{" et al., 1974) which may indicate a temporal 
interruption of the record, a95 is not reported. 

B.3.1.3. Briiggen, Regensburg, Krems. Ko~( and 
Sibrava (1976) analyzed samples from Briiggen 
north-west Germany, Regensburg southern Germany, 
and Krems north-east Austria. The orientation of the 
samples is not reported. No demagnetization is re- 
ported [Demag.]. Intensity is not reported [Intensity], 
nor is any analysis of magnetic mineralogy reported 
[Mineral]. A resampling of the Brtiggen site failed to 
find a convincing record of the Matuyama-Brunhes 
RTF (Laj, personal communication), thus, the data 

from this site appear to be irreproducible. Koe{" and 
Sibrava characterize the data from Regensburg as 
approximate and note that orientation of the site may 
have shifted due to tectonic movement (see p. 141 of 
KoCh" and Sibrava, 1976). We note that the 
Matuyama-Brunhes RTF at Regensburg occurs over 
different stratigraphic layers, which may indicate a 
temporal interruption of the record, c~95 is not re- 
ported. 

• We do not accept any European loess data in 
this compilation. 

B.3.2. Chinese sites 

B.3.2.1. Xilbng 1. Sun et al. (1993) investigated the 
western edge of the Xifeng loess plateau in north- 
central China, south of the Great Wall. The environ- 
ment has a high sedimentation rate ( ~  10 cm/kyr).  
Single oriented samples were taken every 2.4 cm 
from a 3.8-m section of the L8 loess. Each sample 
was step-wise T demagnetized up to 700°C. Intensity 
was estimated by unnormalized NRM after partial T 
demagnetization at 350°C [Intensity]. The authors 
conclude that there is little change in the grain size 
across the transitional depth, but they note some 
change in sediment color and a variation in X by a 
factor of ~ 4 over the stratigraphic height of the 
transition [Mineral]. Nonetheless, Sun et al. argue 
that the magnetic carrier is relatively constant. Ther- 
momagnetic analysis indicated that the primary mag- 
netic carrier is magnetite; some magnetite was also 
Ibund. Multiple transitional directions were mea- 
sured, o~95 is not reported. 

B.3.2.2. X(feng 2. Zhu et al. (1993) also investigated 
the eastern edge of the Xifeng loess plateau. Ori- 
ented samples in eight vertically parallel groups from 
a 2.7-m section of the L8 loess were taken every 
2-2.5 cm. Each sample was step-wise T demagne- 
tized up to 710°C. Relative intensity was estimated 
by NRM/ARM after partial T demagnetization at 
300°C. Zhu et al. report only ~ 10% variation in X 
from five samples spanning the stratigraphic height 
of the transition, a result which should be contrasted 
with that of Xifeng 1. IRM analysis and thermomag- 
netic analysis indicated that the primary magnetic 
carrier is magnetite. Only one transitional direction 
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was measured [Resolution]. 0"95 is less than about 
15 ° for most of the directions, no 0'95 exceeds 30 ° . 

B.3,2.3. Weinan. Zhu et al. (1994) analyzed samples 
from Weinan, ~ 200 km south-east of Xifeng. The 
environment has a high sedimentation rate (~  9.3 
cm/kyr). Samples were oriented by both magnetic 
and sun compasses. Samples in two vertically paral- 
lel groups from a 1.8-m section of the L8 loess were 
taken every 0.5-1.0 cm, each was step-wise T de- 
magnetized up to 700°C. Intensity was estimated by 
unnormalized NRM after partial T demagnetization 
at 380°C. Hysteretic analysis indicated that the mag- 
netic grain size does not change much across the 
transitional section. Zhu et al. report only ~ 10% 
variation in X from a sparse two samples within the 
stratigraphic height of the transition. IRM, thermo- 
magnetic analyses and X-ray diffraction spectra 
showed that the primary magnetic carrier is mag- 
netite with some hematite. Eleven transitional direc- 
tions were measured. 0"9~ is not reported. 

B.3.2.4. Discussion of Chinese loess. Despite the 
apparent completeness of the two Xifeng studies, the 
records of the RTF are significantly different and are 
obviously inconsistent. The directional transition of 
Xifeng 1 lasted for ~ 14 800 years, exhibiting multi- 
ple changes of polarity, while for Xifeng 2, the 
directional transition lasted for ~ 3600 years, ex- 
hibiting only a few abrupt changes of polarity. Zhu 
et al. suggested that these differences may be due to 
different levels of pedogenesis. On the other hand, 
with a minor linear adjustment of the depth scale, the 
Xifeng 2 data correlate extremely well with the 
Weinan data, while the data of Xifeng 1 is inconsis- 
tent with the Weinan and Xifeng 2 data [Con- 
sistency]; compare Figure 3 of Sun et al. (1993) with 
Figure 6 of Zhu et al. (1993). The Weinan loess data 
exhibit several fluctuations in inclination and decli- 
nation; transitional VGPs are concentrated along 
Asian-Australian longitudes and the directional tran- 
sition took ~ 5000 years. 

• We do not accept any Xifeng loess data in this 
compilation. 

• We accept directional and relative intensity 
data from Weinan in this compilation, measured by 
Zhu et al. at the Centre des Faibles Radioactivitrs. 

B.4. Shallow-marine sediments 

B.4.1. Boso, Japan 

B.4.1.1. Yanagawa. Niitsuma (1971) analyzed sam- 
ples from the sediments deposited in the shallow- 
marine environment now situated on the Boso Penin- 
sula of central Japan. These siltstone sediments were 
deposited very rapidly (~  370 cm/kyr),  but Niit- 
suma concluded that they accumulated under calm 
conditions. Samples were oriented. Samples were 
taken every 1 m over a 40-m section of sediment. 
Once the transitional period was identified, addi- 
tional samples were taken every 10 cm over a 4-m 
section spanning the duration of the Matuyama- 
Brunhes RTF. Samples from Yanagawa were AF 
demagnetized up to 9 roT; it is not indicated if this 
was step-wise [Demag.]. Relative intensity was esti- 
mated by NRM/IRM after partial AF demagnetized 
at 9 roT. No details of the variation of the magnetic 
mineralogy with depth is reported [Mineral], Multi- 
ple transitional directions were measured. The data 
appear to be very noisy; multiple transitional direc- 
tions have standard errors in inclination of more than 
10 ° and in declination of more than 30 ° [Scatter]. 

B.4.1.2. Heizogawa. Okada and Niitsuma (1989) an- 
alyzed samples from the Heizogawa and Chonan 
sections of the Boso Peninsula, respectively 8.5 and 
14 km from Yanagawa. Samples were oriented. 
Samples were taken about every 2-3 cm over a 
section spanning the duration of the Matuyama- 
Brunhes RTF. Pilot samples were AF step-wise de- 
magnetized up to 30 roT, and a blanket demagnetiza- 
tion of 15-20 mT was applied to the remaining 
samples. Relative intensity was estimated by 
NRM/ARM after partial AF demagnetization at 30- 
40 roT, but was only estimated for a very few points. 
ARM varies by a factor of ~ 2 over the depth of the 
transition; no mention is made of the magnetic car- 
rier. Multiple transitional directions were measured. 
Numerous directions have 0",~5 exceeding 30 ° 
[Scatter]. 

B.4.I.3. Discussion of Boso. Of the three Boso data 
sets, the Yanagawa data have the most dispersion 
during the polarity transition (see Figure 6 of Okada 
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and Niitsuma, 1989). There is some broad consis- 
tency between the Heizogawa and Chonan data sets. 
Finally, we note that the two polarity transitions 
recorded in this data could correspond to the multi- 
ple polarity transitions found, for example, in the 
Weinan Chinese loess data. If this is true then the 
Boso data might be only a partial recording of the 
overall Matuyama-Brunhes RTF; note that for the 
estimated sedimentation rates, the Heizogawa and 
Chonan data sets represent only ~ 1200 years of 
time. 

• We do not accept Boso Yanagawa data in this 
compilation. 

• We accept directional Boso Heizogawa and 
Chonan data in this compilation, which we obtained 
by scanning Figure 6 of Okada and Niitsuma (1989), 
then computing the mean directions and a95. We 
have not scanned the few relative intensity measure- 
ments. 

B.4.2. Wanganui, New Zealand 
Turner and Kamp (1990) analyzed samples from 

the Castlecliff site of the Wanganui Basin of the 
North Island, New Zealand. An estimate of the sedi- 
mentation rate is not reported, but Roberts and Pil- 
lans (1993) estimate it to be in the 10's of cm/kyr .  
Four oriented samples per stratigraphic level were 
collected at nonuniformly distributed stratigraphic 
heights. The Matuyama-Brunhes RTF is recorded in 
the Kaikokopu Shell Grit and Upper Westmere Silt- 
stone. Samples were step-wise T demagnetized up to 
375°C; Turner and Kamp found that higher tempera- 
tures induced changes in the magnetic mineralogy. 
Intensity is not reported [Intensity]. ARM, SIRM and 
X were measured for several samples determined to 
span the Matuyama-Brunhes transition. S I R M / x  
and S IRM/ARM from two samples from the Upper 
Westmere Siltstone differ by ~ 10%, with variations 
of a factor of ~ 3 over the different stratigraphic 
units, thus, indicating good uniformity of the mag- 
netic grain size despite evident differences in sedi- 
ment composition. Five transitional directions were 
measured. One of the transitional directions was 
measured in the Kaikokopu Shell Grit, with the 
remaining measured in the Upper Westmere Silt- 
stone; this may indicate a temporal interruption of 
the record, a95 is not reported. 

B.4.2.1. Discussion of Wanganui. Roberts and Pil- 
lans (1993) measured S I R M / x  from the neighbor- 
ing Whanagaehu site, ~ 30 km from Wanganui, and 
found significant differences between the Upper 
Westmere Siltstone and other stratigraphic units; 
S I R M / x  differs by a factor of ~ 5. Turner and 
Kamp conclude that the magnetic carrier is primarily 
magnetite, although they suggest that there may have 
been some post-depositional chemical changes; 
Roberts and Pillans suggest that greigite or pyrrhotite 
may be present in the Upper Westmere Siltstone. We 
note that Pillans et al. (1994) do not report any 
Matuyama-Brunhes transitional directions in their 
analysis of the Wanganui Basin, although because of 
the sparsity of sampling, this is not necessarily a sign 
of inconsistency. Note that a few of the VGPs shown 
in Figure 7 of Turner and Kamp (1990) were incor- 
rectly plotted (Turner, personal communication). 

• We accept directional data from Wanganui in 
this compilation, obtained from Turner (personal 
communication). 

B.5. Deep-ocean sediments 

B.5.1. Pacoqc Ocean sites 

B.5.1.1. Papagayo. Harrison and Somayajulu (1966) 
analyzed samples from north-western Pacific core 
Papagayo 3G. This core was azimuthally oriented. 
The core was taken from a low sedimentation rate 
environment ( ~  0.2 cm/kyr )  [Sed. Rate]. Samples 
were taken every 5 cm along core length, spanning 
the duration of the Matuyama-Brunhes RTF; addi- 
tional measurements over the depth of the transition 
were made by sampling every 0.5 cm. All samples 
were step-wise AF demagnetized up to 12 roT. Inten- 
sity was estimated by N R M / x  after partial AF 
demagnetization at 10 roT. Some analysis of the 
variation of magnetic mineralogy is reported, the 
magnetic carrier is not reported. Few transitional 
directions were measured. 

• We do not accept Papagayo data in this compi- 
lation. 

B.5.1.2. KH70-2-5. Kawai et al. (1973) analyzed 
samples from Pacific core KH70-2-5. No mention is 
made of the azimuthal orientation of the core. The 
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core was taken from a low sedimentation rate envi- 
ronment ( ~  0.1 cm/kyr )  [Sed. Rate]. Horizontal 
slices were taken every 2 mm along core length, 
spanning the duration of the Matuyama-Brunhes 
RTF. Relative intensity was estimated by 
NRM/SIRM; the partial demagnetization strength is 
not reported. No details of the analysis of the mag- 
netic mineralogy with depth is reported [Mineral]; 
the magnetic carrier is not reported. A few transi- 
tional directions were measured. 

• We do not accept data from KH70-2-5 in this 
compilation. 

B.5.1.3. KH73-4-7, KH73-4-8. Kawai et al. (1975, 
1977) analyzed samples from Pacific cores KH73-4-7 
and KH73-4-8. No mention is made of the azimuthal 
orientation of the cores. These cores were taken from 
low sedimentation rate environments ( ~ 0.6 cm/kyr )  
[Sed. Rate]. Horizontal slices were taken every 0.4 
cm along core length, spanning the duration of the 
Matuyama-Brunhes RTF. Pilot samples were step- 
wise AF demagnetized up to 50 mT, and a blanket 
demagnetization of 10 mT was applied to the re- 
maining samples. Relative intensity was estimated by 
NRM/SIRM after partial AF demagnetization at 10 
mT. SIRM varies by a factor of ~ 2 over the 
sampled depth; the magnetic carrier is not reported. 
Several transitional directions were measured. 

• We do not accept data from KH73-4-7 in this 
compilation. 

B.5.1.4. RC10-167. Kent and Opdyke (1977) ana- 
lyzed samples from north-western Pacific core 
RC10-167. No mention is made of the azimuthal 
orientation of the core. Declination is not reported [ 1 
and D]. This core was taken from a low sedimenta- 
tion rate environment ( ~  2.1 cm/kyr )  [Sed. Rate]. 
Samples were taken every 3.3 cm along core length, 
spanning the duration of the Matuyama-Brunhes 
RTF. Pilot samples were step-wise AF demagnetized 
up to 40 mT, and a blanket demagnetization of 15 
mT was applied to the remaining samples. Relative 
intensity was estimated by N R M / A R M  after partial 
AF demagnetization at 15 mT. ARM varies by a 
factor of ~ 3 over the sampled depth; the magnetic 
carrier is not reported. One or two transitional direc- 
tions were measured [Resolution]. 

• We do not accept data from RC10-167 in this 
compilation. 

B.5.1.5. RC9-114, RC9-119, RC10-182, RC15-21, 
V20-104, V20-107, V20-I08. Clement et al. (1982) 
and Clement and Kent (1984) analyzed samples from 
several Pacific cores, mostly distributed along the 
180 ° meridian. These azimuthally unoriented cores 
were rotated so that directions before and after the 
transition are in agreement with an axial dipole. 
Unfortunately, all of these cores come from low 
sedimentation rate environments (less than ~ 1.2 
cm/kyr )  [Sed. Rate]. Samples were taken every 4 -5  
mm along core length, spanning the duration of the 
Matuyama-Brunhes RTF. Pilot samples of all of 
these cores were step-wise demagnetized up to 60 
roT, and a blanket demagnetization of 10-20 mT 
was applied to the remaining samples. Intensity was 
estimated by unnormalized NRM, after partial AF 
demagnetization at 10-20 mT [Intensity]. ARM 
measurements on pilot samples indicated that the 
primary magnetic carrier is magnetite or titanomag- 
netite (Clement, personal communication), but no 
analysis of mineralogy with depth is reported 
[Mineral]. With the exception of RC9-119 [Resolu- 
tion], all of these cores record three or more consecu- 
tive transitional directions. Clement et al. have re- 
marked that some of these cores are not especially 
consistent (see Figure 2 of Clement et al., 1982) 
[Consistency]; they speculate that this may be due to 
varying lock-in depths caused by magnetic grains of 
different size. 

• We do not accept data from RC9-114, RC9-119, 
RC10-182, RC15-21, V20-104, V20-107 and V20- 
108 in this compilation. 

B.5.1.6. K78-10-19, K78-10-30. Theyer et al. (1985) 
analyzed samples from equatorial Pacific cores K78- 
10-19 and K78-10-30. These azimuthally unoriented 
cores were rotated so that directions before and after 
the transition are in agreement with an axial dipole. 
K78-10-19 was taken from a low sedimentation rate 
environment (--~ 1.7 cm/kyr )  [Sed. Rate], while 
K78-10-30 was taken from a high sedimentation rate 
environment ( ~  3.5 cm/kyr) .  Samples were taken 
every ~ 0.5 cm along core length, spanning the 
duration of the Matuyama-Brunhes RTF. Pilot sam- 
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pies were step-wise AF demagnetized up to 60 roT, 
and a blanket demagnetization of 10-12.5 mT was 
applied to the remaining samples. Relative intensity 
was estimated by N R M / A R M  after partial AF de- 
magnetization at 12.5 roT. ARM intensity is fairly 
constant, varying by less than a factor of ~ 2 over 
the depth of the transition, indicating good uniform- 
ity in concentration of the magnetic carrier with 
depth. ARM analysis indicated that the primary mag- 
netic carrier is magnetite. Minor changes in sediment 
color with depth were noticed. Multiple intermediate 
directions were measured, but in neither core were 
three consecutive transitional directions measured 
[Resolution]. Data from both of these cores appear to 
have a very high noise content. 

• We do not accept data from K78-10-19 and 
K78-10-30 in this compilation. 

B.5.1.7. 767B, 769A. Schneider et al. (1992) and 
Kent and Schneider (1995) analyzed samples from 
western-equatorial Pacific cores 767B and 769A. 
These cores were azimuthally unoriented. Both of 
these cores were taken from high sedimentation rate 
environments ( ~  8-11 cm/kyr) .  For 767B, no dis- 
crete samples were demagnetized [Demag.], mea- 
surements with a shipboard pass-through magne- 
tometer were taken every 10 cm along the length of 
the core. Other paleomagnetic groups took discrete 
samples from the transitional section of 767B, but 
results have not yet been published (Hsu, personal 
communication). For 769A, discrete samples taken 
about every 10 cm were step-wise AF demagnetized, 
the maximum field strength is not reported, but most 
of the overprint was removed after partial demagne- 
tization at 20 roT. No directions are reported in the 
paper [ I  and D], only VGP latitude is reported. 
Intensity was estimated by N R M / A R M  and N R M / x  
after partial AF demagnetization at 10 mT for 767B 
and 120 mT for 769A; the magnetic carrier is not 
reported. One transitional direction was measured in 
76713, and two consecutive transitional directions 
were measured from 769A [Resolution]. The main 
emphasis of Schneider et al. (1992) is the temporal 
order of the Matuyama-Brunhes transition and a 
cataclysmic meteorite impact, but they find these two 
events to be acausal. 

• We do not accept data from 767B and 769A in 
this compilation. 

B.5.1.8. 792A. Cisowski and Koyama (1992) ana- 
lyzed samples from northern Pacific core 792A. The 
core was azimuthally oriented. This core was col- 
lected from a very high sedimentation rate environ- 
ment ( ~ 8.1 cm/kyr) .  Samples were taken at irregu- 
lar depth intervals. Most samples were step-wise AF 
demagnetized up to 100 mT, and some samples were 
AF-continuous-T demagnetized. Relative intensity 
was estimated by N R M / A R M  after AF demagneti- 
zation at 100 roT. ARM and X vary by a factor of 
~ 20, indicating significant variation in the concen- 
tration of magnetic carrier over the depth of the 
transition [Mineral], but A R M / x  indicates good uni- 
formity of magnetic grain size. ARM and IRM anal- 
yses indicated that the primary magnetic carrier is 
magnetite. Some variation of sediment color with 
depth is reported. Only one transitional direction was 
measured [Resolution]. The authors note some incon- 
sistency between the intensity data prior to the direc- 
tional transition from core 792A and neighboring, 
but incompletely recovered, core 791B. They specu- 
late that the sediments of 792A may have been 
disrupted. 

• We do not accept data from 792A in this 
compilation. 

B.5.1.9. 851D. Valet and Meynadier (1993) analyzed 
samples from eastern-equatorial Pacific core 851D. 
No mention is made of the azimuthal orientation of 
the core. The core was taken from a low sedimenta- 
tion rate environment ( ~  2.0 cm/kyr )  [Sed. Rate]. 
Measurements with a shipboard pass-through magne- 
tometer were taken every 2 cm along the length of 
the core. Discrete samples were step-wise AF de- 
magnetized, the maximum field strength is not re- 
ported. ARM, IRM and X were measured, the ratio 
A R M / x  indicates good uniformity of grain size 
with depth. The magnetic carrier is not reported. No 
declinations are reported [1 and D]. Relative inten- 
sity was estimated by NRM/ARM,  N R M / I R M  and 
N R M / x .  

B.5.1.10. Discussion of  851D. The main emphasis of 
Valet and Meynadier (1993) is interreversal intensity 
variations. 851D shows a sawtooth variation with 
time, a rapid increase in intensity after a reversal 
followed by a slow but varying decrease in intensity 
leading up to another reversal. This phenomenon 
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may be an artifact of overprinting (Mazaud, 1996; 
Kok and Tauxe, 1996), although this idea has been 
contested (Meynadier and Valet, 1996). 

• We do not accept data from 851D in this 
compilation. 

carrier is magnetite or titanomagnetite (Clement, per- 
sonal communication). No transitional directions 
were measured [Resolution]. 

• We do not accept data from V30-45 in this 
compilation. 

B.5.1.11. 803B, 804C, 805B. Hartl and Tauxe (1996) 
analyzed samples from western-equatorial Pacific 
cores 803B, 804C and 805B. These azimuthally 
unoriented cores were rotated so that directions be- 
fore and after the transition are in agreement with an 
axial dipole. These cores were collected from low 
sedimentation rate environments ( ~  1-2 cm/kyr )  
[Sed. Rate]. Samples were taken every 1-3 cm along 
core length, spanning the duration of the 
Matuyama-Brnnhes RTF. All samples were step- 
wise AF demagnetized up to 85 mT, and selected 
duplicate samples were step-wise T demagnetized up 
to 600°C. Relative intensity was estimated by 
NRM/ARM,  NRM/IR M and N R M / x  after partial 
AF demagnetization at 20 mT. The ratios A R M / x  
and IRM/x  indicated good uniformity of magnetic 
grain size. Few transitional directions were mea- 
sured. The main emphasis of Hartl and Tauxe (1996) 
is intensity variations prior to the Matuyama- 
Brunhes transition. 

• We do not accept data from 803B, 804C and 
805B in this compilation. 

B.5.2. Atlantic Ocean sites 

B.5.2.1. V30-45. Clement and Kent (1984) analyzed 
samples from equatorial Atlantic core V30-45. This 
azimuthally unoriented core was rotated so that di- 
rections before and after the transition are in agree- 
ment with an axial dipole. This core comes from a 
low sedimentation rate environment (less than ~ 0.5 
cm/kyr )  [Sed. Rate]. Samples were taken every 4 -5  
mm along core length, spanning the duration of the 
Matuyama-Brunhes RTF. Pilot samples were step- 
wise demagnetized up to 60 mT, and a blanket 
demagnetization of 10-20 mT was applied to the 
remaining samples. Intensity was estimated by un- 
normalized NRM, after partial AF demagnetization 
at 10-20 mT [Intensity]. No analysis of the magnetic 
mineralogy with depth is reported [Mineral]. ARM 
measurements indicated that the primary magnetic 

B.5.2.2. 606A, 607A, 609B, 6lOB, 610C. Clement 
and Kent (1986) analyzed samples from five north 
Atlantic cores, 606A, 607A, 609B, 610B and 610C. 
These azimuthally unoriented cores were rotated so 
that directions before and after the transition are in 
agreement with an axial dipole. The cores were taken 
from high sedimentation rate environments (greater 
than ~ 3 c m / k y r  in all cases). Samples were taken 
every 0.5 cm along each core length, spanning the 
duration of the Matuyama-Brunhes RTF. Pilot sam- 
ples were step-wise AF demagnetized up to 80 roT, 
and a blanket 10-30 mT was applied to the remain- 
ing samples. Demagnetization did not successfully 
isolate the characteristic field directions in 606A and 
607A [Demag.]. ARM analysis for 609B was con- 
ducted over the depth of the Matuyama-Brunhes 
RTF, but details are not reported for the remaining 
cores [Mineral]. 610C does not record the entire 
transition due to incomplete recovery of the core. 
The authors conclude that 606A, 610B and 610C are 
excessively noisy [Author Judge]. 

B.5.2.3. Discussion of 609B. Clement et al. conclude 
that 609B, which, among this group of cores, has the 
highest sedimentation rate ( ~  5.9-8.3 cm/kyr) ,  
records faithfully the Matuyama-Brunhes RTF. Rel- 
ative intensity was estimated by N R M / A R M  after 
partial AF demagnetization at 20 roT. ARM varies 
by a factor of ~ 2 over the depth of the transition, 
indicating fairly good uniformity of the magnetic 
carrier, which was judged to be magnetite or titano- 
magnetite (Clement, personal communication). Five 
transitional directions were measured. The core was 
reasonably complete; the apparent post-reversal scat- 
ter in declination is due primarily to intermittent 
relatively steep inclinations; note the average VGP 
latitude for the 14 measurements made between 
depths - 8 . 5  and - 1 . 5  cm is 62.35 °. Transitional 
VGPs are concentrated along American longitudes; 
the directional transition lasted for ~ 2300 years. 

• We do not accept any data from 606A, 607A, 
610B and 610C in this compilation. 
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• We accept directional and relative intensity 
data from 609B in this compilation, obtained from 
Athanassopoulos (personal communication). 

B.5.2.4. 642B, 642C, 643A, 644A. SchiSnharting et 
al. (1989) analyzed samples from four extreme-north 
Atlantic cores, 642B, 642C, 643A and 644A. These 
cores were azimuthally unoriented; relative declina- 
tions were deemed unreliable [ I and D]. 643A was 
taken from a low sedimentation rate environment 
( ~  2.0 cm/kyr )  [Sed. Rate], while 642B, 642C and 
644A were taken from high sedimentation rate envi- 
ronments ( ~  4.0-10.0 cm/kyr) .  All samples were 
step-wise AF demagnetized up to 60 mT, usually 
10-15 mT was sufficient to remove overprint, ex- 
cept for 644A for which overprinting could not be 
removed [Demag.]. Relative intensity was estimated 
by N R M / x ,  N R M / A R M  and NRM/SIRM,  after 
partial AF demagnetization at 10 mT. Susceptibility 
varies by a factor of ~ 2 over the sample depth; the 
magnetic carrier is not reported. One or two consecu- 
tive transitional directions were measured in 642B, 
642C and 643A [Resolution]. Data from these three 
cores are roughly consistent. 

• We do not accept data from 642B, 642C, 643A 
and 644A in this compilation. 

B.5.2.5. 659C, 664D, 665B. Valet et al. (1989) ana- 
lyzed samples from three equatorial Atlantic cores. 
664D and 665B were located almost precisely on the 
equator, while 659C came from a moderate northern 
latitude. The cores were azimuthally unoriented and 
rotated so that directions before and after the transi- 
tion are in agreement with an axial dipole. 665B was 
taken from a low sedimentation rate environment, 
( ~  1.5 cm/kyr )  [Sed. Rate]; 659C and 664D were 
taken from high sedimentation rate environments 
(greater than 3 cm/kyr) .  Samples were taken every 
0.5-1.0 cm along core length, spanning the duration 
of the Matuyama-Brunhes RTF. All samples were 
step-wise AF demagnetized up to 60 mT, or step-wise 
T demagnetized. Overprint was removed from 659C 
with 5 mT, 664D and 665B with 15 mT. Relative 
intensity was measured by N R M / A R M  after partial 
AF demagnetization at 20 roT. ARM and X vary by 
a factor of ~ 2 over the depth of the transition; 
thermomagnetic analyses and IRM analysis indicated 
that the primary magnetic carrier is magnetite. There 

was no indication of variation in sediment color. No 
more than two consecutive transitional directions 
were measured from 659C, none were measured 
from 665B [Resolution], but nine transitional direc- 
tions were measured from 664D. 659C has several 
transitional inclinations, but almost no transitional 
declinations. The discrepancy between the data from 
664D and 665B is curious since they came from 
neighboring sites; the authors speculate that the lack 
of transitional directions from 665B was due to 
overprinting during directional lock-in of magnetic 
particles, a problem they attribute to a low sedimen- 
tation rate (see p. 376 of Valet et al., 1989). 

B.5.2.6. Discussion o f  664D. The 664D data exhibit 
a smooth variation in declination, together with rela- 
tively smaller fluctuations in inclination about zero; 
since 664D was located almost exactly on the equa- 
tor, such directional changes indicate that the 
Matuyama-Brunhes RTF is not axisymmetric (Valet 
et al., 1989). The transitional VGPs of 664D are 
concentrated along western Asian longitudes and the 
directional transition took ~ 3900 years. 

• We do not accept any data from 659C and 
665B in this compilation. 

• We accept directional and relative intensity 
data from 664D in this compilation, obtained from 
Valet (personal communication). 

B.5.3. Indian Ocean site 

B.5.3.1. V16-58. Clement and Kent (1991) analyzed 
samples from southern hemisphere core V16-58. This 
core was azimuthally unoriented; the core was ro- 
tated so that directions before and after the transition 
are in agreement with an axial dipole. The core was 
taken from a reasonably high sedimentation rate 
environment ( ~  4.0 cm/kyr) .  Kent and Schneider 
(1995) discuss uncertainties in the sedimentation rate 
of the V16-58 site. Samples were taken every 0.5 cm 
along core length, spanning the duration of the 
Matuyama-Brunhes RTF. Each slice was split into 
two or three parts for redundant measurement. All 
samples were step-wise AF demagnetized up to 50 
mT. Relative intensity was estimated by N R M / A R M  
after partial AF demagnetization at 20 mT. ARM 
varies by ~ 10% over the depth of the transition 
indicating good uniformity of the magnetic cartier, 
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w h i c h  w a s  j u d g e d  t o  b e  m a g n e t i t e  o r  t i t a n o m a g n e t i t e  

( C l e m e n t ,  p e r s o n a l  c o m m u n i c a t i o n ) .  S i x  t r a n s i t i o n a l  

d i r e c t i o n s  w e r e  m e a s u r e d ;  t h e  d i r e c t i o n a l  t r a n s i t i o n  

l a s t e d  f o r  ~ 4 7 0 0  y e a r s .  

• W e  a c c e p t  d i r e c t i o n a l  a n d  r e l a t i v e  i n t e n s i t y  

d a t a  f r o m  V 1 6 - 5 8  i n  t h i s  c o m p i l a t i o n ,  o b t a i n e d  f r o m  

A t h a n a s s o p o u l o s  ( p e r s o n a l  c o m m u n i c a t i o n ) .  

B.5 .3 .2 .  D i s c u s s i o n  o f  V 1 6 - 5 8 .  T h e  d a t a  o f  V 1 6 - 5 8  

e x h i b i t  m u l t i p l e  f l u c t u a t i o n s  i n  d e c l i n a t i o n  s u p e r i m -  

p o s e d  o n  a s m o o t h  v a r i a t i o n  a n d  a n  a b r u p t  c h a n g e  i n  

i n c l i n a t i o n ,  f o l l o w e d  b y  f l u c t u a t i o n s .  T r a n s i t i o n a l  

V G P s  a r e  c o n c e n t r a t e d  a l o n g  A m e r i c a n  l o n g i t u d e s  

a n d  t h e  d i r e c t i o n a l  t r a n s i t i o n  t o o k  ~ 4 7 0 0  y e a r s .  

Table 3 

Data of  MBD97  

A p p e n d i x  C .  D a t a  

T h e  d a t a  o f  M B D 9 7  a r e  l i s t e d  i n  T a b l e s  3 - 8  in  

t e m p o r a l  o r d e r  ( s t r a t i g r a p h i c  o r d e r ) ,  s t a r t i n g  w i t h  t h e  

o l d e s t  v a l u e s  ( l o w e s t  s t r a t i g r a p h i c  l e v e l ) .  

Tahiti, Punaruu, - 1 7 . 7  ° N, 210.3 ° E 

Flow # Dec. Inc. Ab. int. ( /xT) ag 5 Eat. (° N) Long.  (° E) Pol. Age  (Ma) 

R I A  4 - 191.6 40.9 - 2.9 - 7 7 . 7  270.6 R 

R I B  5 - 187.8 34.8 - 3.1 - 8 2 . 5  287.9 R 

R I C  5 - 174.2 37.8 - 2.6 - 8 3 . 5  153.8 R 

R I D  5 - 2 1 7 . 0  15.6 5.5 52.7 310.6 1 

R I E  4 - 168.7 24.7 - 11.4 - 78.1 98.3 R 

R1F 6 - 166.8 26.7 - 3.7 - 7 6 . 8  106.4 R 

R I G  7 - 168.4 21.6 - 5.6 77.(/ 91.8 R 

R I H  6 - 181.0 11.0 - 3,7 - 7 7 . 8  25.6 R 

RII  6 -- 183.1 14.2 - 3,5 - 7 9 . 1  13.8 R 

R I J  6 - 185.1 39.4 - 1.5 - 8 3 . 3  255.4 R 

R I K  9 - 180.2 36.6 2,9 - 8 7 . 3  214.3 R 

R I L  5 - 184.8 36.5 - 2,5 - 84.8 269.7 R 

R I M  5 - 183.8 36.7 - 2,8 - 8 5 . 5  262.4 R 

R I N  6 - 181.8 33.3 37.7 3,3 - 8 8 . 2  284.3 R 

R I O  6 - 182.9 39.7 - 2.5 - 8 4 . 4  239.2 R 

R I P  6 - 178.9 44.9 - 2.8 - 8 1 . 2  203.9 R 

R1Q 5 - 177.4 50.6 - 4.1 - 7 6 . 2  201.0 R 

R I R  6 - 174.7 44.8 4.4 - 8 0 . 0  181.8 R 

RIS  6 - 183.3 53.4 - 6.7 - 7 3 . 5  220.(/ R 

R I T  5 - 133.4 5.4 - 4.7 - 4 1 . 9  107.6 T 

R1U 4 - 135.5 7.3 3.4 3.5 44.2 107.8 T 

R I V  5 -- 125.0 0.1 - 12.0 - 3 3 . 1  108.3 T 

TR-TS 5 - 129.8 0.2 3.6 2.4 - 3 7 . 6  106.2 T 

TT 6 - 127.1 - 5 . 5  - 2.2 - 3 4 . 0  104.3 T 

PL 6 2.0 - 43.6 - 7.0 82.0 17.2 N 

TU 5 - 1.4 - 50.6 - 7.1 76.3 35.4 N 

China, Tongjing, 37.8 ° N, 120.8 ° E 

LB 7 187.2 - 5 4 . 3  51.6 6.4 - 8 3 . 5  55.7 R 

SB 12 185.1 - 5 6 . 2  60.0 5.6 - 8 5 . 8  43.7 R 

US 7 - 7 5 . 5  - 10.4 17.9 6.3 8.1 17.7 T 

UD 10 17.6 58.7 74.5 5.8 76.1 198.6 N 

DD 20 - 22.3 56.7 22.5 4.9 72.4 36.0 N 

Hawaii, Haleakala, 20. 7 ° N, 203.7 ° E 

1 ? 190.9 - 2 6 . 6  - ? - 7 7 . 6  144.7 R 
2 ? 189. I 34.4 ? 81.2 124.3 R 

3 ? 90.9 - 32.0 - ? - 6.9 309.7 T 

0 .840 

F 

0.850 
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T a b l e  3 ( c o n t i n u e d )  

Tahiti, Punaruu, - 1 7 . 7 ° N ,  2 1 0 . 3 ° E  

F l o w  # D e c .  I n c .  A b .  in t .  ( / z T )  cr95 L a t .  ( °  N )  L o n g .  ( °  E )  P o l .  A g e  ( M a )  

4 ? 1 3 7 . 4  - 4 3 . 2  - * - 5 0 . 7  3 0 8 . 5  T 0 . 7 7 2  

5 ? - 4 4 . 4  8 5 . 0  - '~ 2 7 . 6  1 9 5 . 9  T 0 . 7 8 0  

6 '? 1 8 7 . 2  3 1 . 5  - '~ - 5 1 . 6  1 9 2 . 6  T 0 . 7 8 7  

7 ? - 2 8 . 2  3 9 . 4  - '~ 6 3 . 8  1 2 2 . 4  N - 

8 ? 0 . 5  3 2 . 9  - ? 8 7 . 2  14.1 N - 

9 ? 10 .5  2 0 . 1  ? 7 5 . 5  3 3 7 . 9  N - 

Chile, Tatara, - 3 6 . 0  ° N, 289.0 ° E 

I ? - 1 7 3 . 9  4 0 . 7  - 6 . 3  - 7 6 . 2  1 3 3 . 2  R 0 . 9 7 5  

2 ? - 1 4 9 . 8  - 4 2 . 3  - 1 8 . 0  - 2 3 . 1  1 3 8 . 9  T 0 . 7 0 4  

3 ? - 1 4 6 . 5  - 6 3 . 9  - 19 .3  - 3 . 0  1 3 1 . 8  T 0 . 7 6 8  

4 '.' - 1 2 4 . 7  - 4 8 . 3  - 11 .1  - 6 . 5  1 5 5 . 2  T - 

5 '? - 1 5 2 . 8  - 5 0 . 8  - 12 .5  - 17 .8  1 3 3 . 2  T - 

6 ? - 1 5 1 . 5  - 4 9 . 3  - 1 7 . 4  - 1 8 . 6  1 3 4 . 8  T 

7 ? - 1 7 6 . 9  - 5 9 . 0  - 1 9 . 0  - 1 4 . 2  1 1 1 . 5  T - 

8 ? - 1 5 9 . 6  - 3 8 . 9  - 9 . 9  - 2 8 . 9  1 3 0 . 7  T - 

9 ? - 1 4 2 . 3  - 4 2 . 5  - 1 2 . 7  - 1 9 . 7  1 4 5 . 2  T - 

Chile, Tatara, - 3 6 . 0  ° N, 289.0 ° E 

10 ? - 1 7 3 . 4  - 6 1 . 0  - 1 1 . 9  - 1 1 . 7  1 1 4 . 0  T - 

11 '.' - 1 5 2 . 3  - 4 7 . 2  - 1 0 . 8  - 2 0 . 5  1 3 4 . 9  T 0 . 7 6 3  

12 ? - 5 . 5  - 2 3 . 5  - 1 8 . 4  6 5 . 8  2 7 5 . 8  N 0 . 3 3 0  

A l l  a n g u l a r  m e a s u r e m e n t s  i n  d e g r e e s .  # d e n o t e s  t h e  n u m b e r  o f  s a m p l e s  t a k e n  p e r  s t r a t i g r a p h i c  l e v e l .  T h e  p o l a r i t y  s t a t e s  a r e  d e n o t e d  ( R )  

r e v e r s e ,  ( N )  n o r m a l ,  ( I )  i n t e r m e d i a t e ,  ( T )  t r a n s i t i o n a l .  

T a b l e  4 

D a t a  o f  M B D 9 7  

China, Weinan, 34.2 ° N, 109.2 ° E 

H e i g h t  ( c m )  # D e c .  I n c .  R e l .  in t .  0L95 L a t .  (°  N )  L o n g .  ( °  E )  Po l .  

0 . 0  

1 .0  

2 . 0  

3 . 0  

4 . 0  

5 . 0  

6 . 0  

7 . 0  

9 . 0  

1 1 . 0  

1 3 . 0  

1 5 . 0  

1 7 . 0  

1 9 . 0  

2 1 . 0  

2 3 . 0  

2 5 . 0  

2 7 . 0  

2 9 . 0  

3 1 . 0  

3 3 . 0  

3 5 . 0  

- 1 5 4 . 0  - 3 3 . 0  0 . 7 2 2 5  - - 6 1 . 7  4 7 . 6  R 

- 1 5 9 . 0  - 4 2 . 0  1 . 0 0 0 0  - - 6 9 . 2  4 2 . 2  R 

- 1 6 5 . 0  - 5 0 . 0  0 . 5 3 3 1  - - 7 6 . 9  3 0 . 2  R 

- 1 6 1 . 0  - 3 7 . 0  0 . 4 9 6 6  - - 6 8 . 4  5 3 . 2  R 

1 6 7 . 0  - 3 8 . 0  0 . 5 4 6 3  - - 7 2 . 8  6 4 . 2  R 

- 1 6 1 . 0  - 3 8 . 0  0 . 5 4 1 9  - - 6 8 . 9  5 1 . 8  R 

- 1 7 7 . 0  - 3 6 . 0  0 . 1 6 8 9  - - 7 5 . 5  9 7 . 9  R 

- 1 7 0 . 0  - 5 0 . 0  0 . 6 1 9 3  - - 8 0 . 9  3 8 . 5  R 

- 1 9 7 . 0  - 5 1 . 0  0 . 3 3 1 1  - - 7 5 . 5  1 9 4 . 0  R 

- 1 7 7 . 0  - 2 4 . 0  0 . 2 7 4 1  - - 6 8 . 2  1 0 1 . 3  R 

- 1 4 9 . 0  - 3 5 . 0  0 . 3 3 5 4  - - 5 8 . 7  3 9 . 7  R 

- 1 7 1 . 0  - 3 6 . 0  0 . 1 2 9 0  - - 7 3 . 7  7 7 . 6  R 

- 1 7 5 . 0  - 5 4 . 0  0 . 3 7 2 0  - - 8 5 . 9  13 .1  R 

- 1 8 5 . 0  - 6 3 . 0  0 . 3 1 9 9  - - 7 9 . 0  2 7 0 . 1  R 

- 1 7 4 . 0  - 1 3 . 0  0 . 1 6 9 9  - - 6 1 . 8  9 6 . 5  R 

- 1 6 7 . 0  - 4 0 . 0  0 . 4 3 2 3  - - 7 3 . 9  6 0 . 9  R 

- 1 7 4 . 0  - 1 9 . 0  0 . 1 4 3 6  - - 6 5 . 0  9 5 . 1  R 

1 8 0 . 0  - 3 9 . 0  0 . 4 1 0 4  - - 7 7 . 8  1 0 9 . 2  R 

- 1 6 7 . 0  - 4 4 . 0  0 . 5 2 0 4  - - 7 6 . 0  5 2 . 6  R 

- 1 7 1 . 0  - 4 8 . 0  0 . 4 7 3 7  - - 8 0 . 8  5 0 . 7  R 

- 1 8 7 . 0  - 5 0 . 0  0 . 4 1 0 9  - - 8 3 . 2  171 .  I R 

- 1 5 6 . 0  - 3 9 . 0  0 . 1 3 6 8  - - 6 5 . 7  4 2 . 9  R 
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T a b l e  4 ( c o n t i n u e d )  

China, Weinan, 34.2 ° N, 109.2 ° E 

H e i g h t  ( c m )  # D e c .  I n c .  R e l .  in t .  c%5 L a t .  (°  N )  L o n g .  (°  E )  P o l .  

3 7 . 0  

3 9 . 0  

4 1 . 0  

4 3 . 0  

4 5 . 0  

4 8 . 0  

4 8 . 5  

4 9 . 0  

5 0 . 0  

5 1 . 0  

5 2 . 0  

5 3 . 0  

5 4 . 0  

5 5 . 0  

5 6 . 0  

5 7 . 0  

5 8 . 0  

5 8 . 5  

5 9 . 5  

6 0 . 0  

6 0 . 5  

6 1 . 5  

6 2 . 5  

6 4 . 0  

6 4 . 5  

6 7 . 0  

6 8 . 0  

6 9 . 0  

7 0 . 0  

7 1 . 0  

7 2 . 0  

7 3 . 0  

7 4 . 0  

7 5 . 0  

7 6 . 0  

7 7 . 0  

7 8 . 0  

7 9 . 0  

8 0 . 0  

8 1 . 0  

8 2 . 0  

8 3 . 0  

8 3 . 5  

8 4 . 0  

8 5 . 0  

8 6 . 0  

8 7 . 0  

8 9 . 0  

9 0 . 0  

9 1 . 0  

9 2 . 0  

9 3 . 0  

9 4 . 0  

- 1 9 0 . 0  - 2 7 . 0  0 . 1 9 7 2  - - 6 8 .  l 136 .  l R 

- 1 4 8 . 0  - 6 0 . 0  0 . 3 8 6 6  - - 6 3 . 9  3 5 4 . 9  R 

- 1 6 3 . 0  - 4 7 . 0  0 . 3 9 5 3  - - 7 4 . 3  3 7 . 0  R 

- 1 5 7 . 0  - 3 7 . 0  0 . 2 2 0 1  - - 6 5 . 6  4 7 . 0  R 

- 1 8 9 . 5  - 4 4 . 8  0 . 4 1 8 2  - - 7 8 . 7  1 5 8 . 2  R 

2 0 8 . 1  - l 2 . 7  0 . 2 2 7 4  - - 5 2 . 0  1 5 8 . 7  I 

- 1 8 0 . 0  2 7 . 9  0 . 2 4 0 5  - - 7 0 . 6  1 0 9 . 2  R 

- 1 9 2 . 7  - 4 9 . 8  0 . 2 6 4 8  - - 7 8 . 7  1 8 4 . 2  R 

- 1 8 7 . 8  - 4 6 . 3  0 . 2 3 1 7  - 8 0 . 6  1 5 6 . 8  R 

- 1 8 1 . 5  - 4 8 . 9  0 . 3 1 9 9  - - 8 5 . 4  1 2 5 . 8  R 

- 1 6 6 . 2  - 4 5 . 7  0 . 2 5 2 2  - - 7 6 . 2  4 6 . 3  R 

- 1 7 8 . 3  - 4 4 . 3  0 . 4 0 4 6  - - 8 1 . 7  9 8 . 6  R 

- 1 8 0 . 0  - 3 9 . 7  0 . 3 7 9 7  - - 7 8 . 3  1 0 9 . 2  R 

- 1 8 0 . 4  - 4 4 . 2  0 . 3 0 2 8  - - 8 1 . 7  1 1 1 . 7  R 

- 1 3 9 . 2  - 5 0 . 0  0 . 1 7 7 7  - - 5 5 . 6  13 .3  R 

- 1 7 6 . 6  - 4 7 . 9  0 . 1 3 4 4  - - 8 4 . 0  7 9 . 4  R 

- 1 6 2 . 5  - 2 6 . 1  0 . 1 1 5 4  - - 6 4 . 1  6 7 . 2  R 

- 199 .1  1.3 0 . 0 2 8 3  - - 5 0 . 8  1 4 0 . 4  I 

- 1 9 8 . 5  9 . 3  0 . 0 2 6 6  - - 4 7 . 4  1 3 7 . 0  1 

- 2 0 4 . 8  14.1 0 . 0 2 8 7  - - 4 2 . 4  1 4 3 . 5  I 

- 2 0 3 . 5  1 .0  0 . 0 4 7 8  - - 4 8 . 9  1 4 6 . 5  I 

- 1 9 7 . 4  5 3 . 8  0 . 0 1 8 3  - 19 .5  1 2 4 . 4  I 

- 1 6 5 . 6  3 3 .1  0 . 0 5 4 6  - - 3 6 . 0  9 2 . 2  I 

- 4 6 . 5  8 2 . 3  0 . 0 4 8 2  - 4 3 . 7  9 4 . 0  I 

1 1 8 . 3  6 2 . 1  0 . 0 3 2 0  - 5 . 8  1 4 9 . 2  I 

1 6 2 . 4  - 3 8 . 5  0 . 1 7 3 2  - - 7 0 . 1  1 6 4 . 8  R 

1 7 4 . 4  - 3 2 . 4  0 . 2 9 2 2  - - 7 2 . 7  1 2 7 . 4  R 

1 6 7 . 0  - 1.1 0 . 1 3 7 6  - - 5 4 . 2  1 3 1 . 8  I 

1 6 7 . 0  - 2 4 . 9  0 . 1 6 1 3  - - 6 5 . 8  1 4 1 . 5  R 

1 7 7 . 4  - 4 3 . 8  0 . 3 6 5 7  - - 81 .1  1 2 4 . 6  R 

1 8 4 . 0  - 3 5 . 6  0 . 2 7 4 0  - - 7 5 . 1  9 4 . 4  R 

1 9 9 . 0  - 4 4 . 8  0 . 2 5 8 8  - - 7 1 . 9  3 9 . 6  R 

1 9 1 . 5  - 3 6 . 8  0 . 1 5 3 3  - - 7 2 . 9  6 9 . 7  R 

1 6 7 . 9  - 2 1 . 6  0 . 1 4 9 6  - - 6 4 . 5  1 3 7 . 7  R 

1 8 9 . 0  - 4 8 . 4  0 . 1 5 4 3  - 8 1 . 0  4 8 . 9  R 

2 1 5 . 9  - 6 4 . 1  0 . 1 9 4 3  - - 6 0 . 5  3 4 5 . 1  R 

1 8 5 . 0  - 1 2 . 9  0 . 1 9 4 3  - - 6 1 . 9  9 8 . 6  R 

1 8 3 . 0  - 2 8 . 1  0 . 2 4 4 3  - - 7 0 . 6  1 0 0 . 5  R 

1 8 1 .1  - 2 9 . 0  0 . 1 9 2 7  - - 7 1 . 3  1 0 5 . 9  R 

1 9 8 . 9  - 1 3 .5  0 . 1 0 0 8  - - 5 7 . 6  7 2 . 4  R 

1 7 9 . 8  - 2 1 . 4  0 . 1 0 3 3  - 6 6 . 9  1 0 9 . 7  R 

- 3 3 .1  7 3 . 0  0 . 1 2 7 6  - 5 7 . 2  7 7 . 4  N 

- 1 0 3 . 0  7 1 . 0  0 . 1 0 3 9  - 2 0 . 9  7 2 . 9  1 

- 5 3 . 2  6 3 . 4  0 . 1 1 4 9  - 4 8 . 4  5 0 . 6  I 

- 2 0 . 2  5 2 . 6  0 . 1 3 0 1  - 7 3 . 2  2 1 . 4  N 

7 . 3  6 3 . 6  0 . 1 3 4 5  - 7 7 . 7  1 3 4 . 0  N 

5 . 6  4 8 . 5  0 . 0 8 7 3  - 8 3 . 3  2 4 2 . 5  N 

1 3 4 . 2  6 2 . 4  0 . 0 8 5 4  - - 1 .6  1 4 0 . 4  1 

- 1 4 3 . 0  4 8 . 2  0 . 1 0 7 1  - - 1 7 . 6  7 5 . 8  1 

- 1 6 8 . 0  6 2 . 7  0 . 1 8 9 7  - 1 1 . 0  1 0 0 . 5  I 

- 1 7 0 . 0  5 1 .  I 0 . 0 6 0 4  - - 2 3 . 3  9 9 . 9  I 

- 6 . 0  4 1 . 1  0 . 0 7 3 2  - 7 8 . 1  3 1 7 . 0  N 

- 1 2 . 8  - 2 6 . 5  0 . 1 7 1 5  - 4 0 . 3  3 0 5 . 6  T 
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T a b l e  4 ( con t inued)  

China. Weinan, 34.2 ° N, 109.2 ° E 

H e i g h t  ( c m )  # Dec .  Inc.  Rel .  int. a95 Lat .  (o N )  L o n g .  (° E)  Pol. 

95 .0  

96 .0  

97 .0  

99,0  

100.0 

101.0 

102.0 

103.0 

104.0 
105.0 

106.0 

107.0 
108.0 
t 09.0 
110.0 

111.0 

112.0 

113.0 

114.0 
115.0 
116.0 

117.0 

119.0 
121.0 

123.0 

125.0 

127.0 

129.0 

131.0 

133.0 

133.0 

135.0 

137.0 

138.0 

140.0 

142.0 

144.0 
146.0 

148.0 
150.0 

152.0 

154.0 

157,0 

159.0 

161.0 

163.0 

165.0 
167.0 

169,0 

171.0 

173.0 

175,0 

0 .0  - 16.7 0.0841 - 47.3  289.2  T 

4,5 - 16.1 0 .1118  - 47 .4  282.6  T 

16.0 - 33.0  0 .1090  - 35,6 270 .4  T 

174.7 - 36.5 0 .1282  - - 75.3 129.2 R 

168.2 39.2 0 .1092  - - 32.5 122.2 T 

152.2 - 17.8 0 .0754  - - 54.2 161.2 T 

205.9  66.9  0 .0396  - - 3,2 92.7  T 

194.3 48 .6  0 .0547  - - 24.8 95.5 T 

189.7 38.0  0 .0663  - - 33.7 98.3 T 

75.7  73.4  0 .0622  - 36 .0  147.0 T 

190.0 46.2  0 .0977  - - 27.5 99,2  T 

21.0  56.6 0 .1909  - 72.7 183.3 N 

30.8  50.6  0 .1570  - 64 .0  196.9 N 

6.9 58,4  0 .1543  - 82.6 155.7 N 

8.6 53.4  0 .2456  - 82.9 198.8 N 

7.9 65.1 0 .2195  - 75.8 131.6 N 

4 .4  62.6  0 .1993  - 79.7 127.1 N 

16.5 54,3 0 .2443  - 76.4  191.9 N 

22.4  52,4  0 .2024  - 71.3 I96 .6  N 

1.7 56,2 0.1881 - 87.1 137,2 N 

- 0,5 62.8 0.1961 - 80,0  107.1 N 

25.6  53.7 0 .1989  - 68.9 191.8 N 

- 2 .4  49 .0  0 .3984  - 85.2 315.2  N 

8.7 52,8 0 .6247  - 82.7 203.3 N 

18.7 48.7  0 .4410  - 73.5 210. t N 

17.8 58.0  0.4751 - 75.0  176.7 N 

21.6 51,5 0 .4950  - 71.8 199.6 N 

11.5 49.9  0 .5197  - 79.7 215 .9  N 

0.1 58 ,0  0 .5459  - 85.5 110.2 N 

7.8 59.7 0 .5970  - 81.1 151.2 N 

7.8 59.7 0 .5970  - 81.1 151.2 N 

4.8 57.8 0 .4867  - 84.3 150.1 N 

11.1 60.4  0 .4416  - 78.7 156.7 N 

1.5 58.0  0,3991 - 85.4 123.9 N 

16.0 58 .0  0 .3815  - 76.4  175.4 N 

15.5 61.0  0 .4902  - 75.5 161.8 N 

9.8 54.4  0 .4907  - 81.9 191.3 N 

- 2.1 51.8 0.6301 - 87.5 334.6  N 

4.6  54.7 0 .5472  - 86.1 182.7 N 

- l 1.4 58.4  0 .5593 - 79.6  50.7 N 

- 2 . 1  57.7 0 .3859  - 85.5 87.6 N 

5.5 61.8 0 .3820  - 80.2 133.6 N 

11,7 54.5 0 .5883  - 80.3 191.0 N 

2.5 58.1 0 .4865  - 85.0 132.2 N 

2,5 49.8  0 .5376  - 85.8 258.1 N 

14,6 56.4  0 .7654  - 77.8 181.9 N 

2.5 58.5 0.4801 - 84.6 130.3 N 

12.0 54.5 0 .4726  - 80.1 191.0 N 

11.0 64 .0  0 .3754  - 75.8  142.0 N 

12.0 58.0  0 .4449  - 79.4  170.9 N 

26.0  63.0  0 .5707  - 67.6  164.2 N 

- 4 .0  45 .0  0 .4478  - 81.6  314.6  N 

All  angu l a r  m e a s u r e m e n t s  in degrees .  # deno te s  the  n u m b e r  o f  s a m p l e s  taken  pe r  s t r a t ig raph ic  level .  T h e  polar i ty  s ta tes  are deno ted  (R)  

reverse .  ( N )  normal ,  ( I )  in te rmedia te ,  ( T )  t ransi t ional .  
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J.J. Love, A. Mazaud / Physics of the Earth and Planetary Interiors" 103 (1997) 207 245 

Japan, Boso Heizogawa, 35.2 ° N. 140.2 ° E 

D e p t h  ( c m )  # D e c .  Inc .  R e l .  int.  c%5 L a t .  (° N )  L o n g .  (° E )  Po l .  

- 2 5 8 . 2  1 - 142 ,1  - 2 5 . 8  - 0 . 0  - 4 9 . 7  7 2 . 9  

- 2 5 4 . 7  3 - 8 3 . 8  - 12 .3  - 4 4 . 6  1.4 4 1 . 5  

- 2 5 2 . 1  1 - 8 3 . 2  1 9 . 0  - 0 . 0  11. I 5 4 . 4  

- 2 4 9 . 3  4 86 .1  - 5 7 . 5  - 3 0 . 2  - 18 .2  2 6 4 . 5  

- 2 4 7 . 7  1 - 5 4 . 9  2 . 7  - 0 . 0  2 8 . 9  2 9 . 3  

- 2 4 4 . 9  3 - 1 0 1 . 6  - 8 . 4  - 4 6 . 4  - 11 .9  5 3 . 4  

- 2 4 1 . 4  3 - 7 0 . 9  0 . 0  8 0 . 7  15 .5  3 8 . 9  

- 2 3 7 . 8  3 - 50 .1  6 2 . 9  3 5 . 7  5 1 . 0  7 9 . 4  

- 2 3 5 . 0  2 - 5 . 4  5 4 . 9  - 1 5 . 4  8 5 . 6  5 4 . 6  

- 2 3 3 . 5  1 - 4 3 . 2  5 4 . 8  - 0 . 0  5 5 . 0  6 3 . 2  

- 2 3 1 . 1  3 - 12 .4  5 7 . 3  - 4 2 . 0  7 9 . 7  6 9 . 2  

- 2 2 8 . 1  2 - 1 4 3 . 6  6 4 . 5  - 53 .1  - 2 .1 1 1 6 . 0  

- 2 2 3 . 9  3 - 7 8 . 5  7 0 . 3  8 1 . 8  3 4 . 3  9 6 . 5  

- 2 2 1 . 0  2 - 2 2 2 . 1  - 2 . 9  - 8 3 . 2  - 3 8 . 4  1 9 8 . 9  

- 2 1 7 . 7  3 - 2 1 8 . 1  - 15 .6  - 3 1 . 2  - 4 5 . 8  2 0 1 . 4  

- 2 1 4 . 1  4 - 2 0 0 . 1  - 16 .4  - 2 2 . 0  - 5 7 . 5  1 7 9 . 4  

- 2 0 9 . 6  3 - 2 0 0 . 6  - 1 1 . 4  - 16 .8  - 5 4 . 9  1 7 7 . 8  

- 2 0 6 . 3  3 - 1 7 9 . 6  - 2 6 . 4  - 8 .8  - 6 8 . 8  139.  I 

- 2 0 2 . 5  3 - 1 6 6 . 9  - 2 7 . 0  - 2 2 . 2  - 6 6 . 0  1 0 7 . 6  

- 1 9 8 . 6  3 - 1 7 1 . 6  - 2 7 . 7  - 2 5 . 8  - 6 8 . 2  1 1 7 . 8  

- 195 .1  3 - 1 7 2 . 6  - 2 8 . 7  - 10 .3  - 6 9 . 0  1 2 0 . 0  

- 1 9 1 . 5  3 - 1 4 0 . 9  - 1 7 . 4  - 14 .5  - 4 5 . 7  7 7 . 0  

- 1 8 7 . 9  3 - 1 5 0 . 4  11 .5  1 6 . 0  - 4 9 . 9  9 0 . 5  

- 1 8 5 . 0  2 - 1 3 1 . 7  15 .9  - 7 5 . 4  - 2 7 . 2  8 4 . 0  

- 1 8 2 . 0  3 - 1 5 2 . 9  - 5 . 0  - 17 .8  - 4 8 . 8  9 6 . 5  

- 1 7 9 . 8  1 - 1 6 7 . 3  1.0 - 0 . 0  - 5 2 . 4  119.1 

- 1 7 7 . 6  2 - 1 5 4 . 0  - 17 .3  - 12 .4  - 5 4 . 5  9 1 . 9  

- 1 7 4 . 6  3 - 1 1 8 . 0  3 5 . 0  - 3 1 . 7  - 9 . 9  8 2 . 4  

- 1 7 2 . 8  1 - 1 6 4 . 2  2 3 . 8  - 0 . 0  - 4 0 . 1  1 1 9 . 8  

- 1 7 0 . 8  2 - 1 3 9 . 8  - 1.2 - 4 9 . 3  - 3 9 . 0  8 3 . 9  

- 1 6 7 . 8  2 - 168 .1  2 0 . 5  - 2 3 . 4  - 4 2 . 9  124.1  

- 1 6 5 . 5  I - 1 8 1 . 8  5 . 6  - 0 . 0  - 5 1 . 9  143.1  

- 1 6 2 . 7  3 - 1 5 1 . 0  - 5 . 6  - 4 3 . 9  - 4 7 . 9  9 4 . 0  

- 1 6 0 . 4  2 - t 8 1 . 9  - 7 . 8  - 3 0 . 0  - 5 8 . 7  1 4 3 . 8  

- 158 .1  2 - 1 6 4 . 0  0 . 8  - 3 6 . 7  - 5 1 . 4  1 1 4 . 0  

- 1 5 6 . 0  2 - 1 6 0 . 0  8.1 - 15 .2  4 6 . 5  1 1 0 . 5  

- 1 5 2 . 4  I - 1 6 9 . 2  10.5  - 0 . 0  - 4 8 . 3  1 2 3 . 9  

- 150 .1  3 - 1 7 8 . 8  - 2 0 . 8  - 14 .9  - 6 5 . 6  1 3 7 . 4  

- 1 4 6 . 6  3 - 179.1 - 2 0 . 6  - 1 9 . 4  - 6 5 . 4  1 3 8 . 2  

- 1 4 2 . 6  3 - 1 8 6 . 2  1.7 - 2 1 . 3  - 5 3 . 5  1 5 0 . 7  

- 1 3 8 . 9  3 - 1 9 2 . 7  2 9 . 8  - 4 3 . 1  - 3 7 . 4  1 5 5 . 7  

- 1 3 6 . 3  3 - 1 8 9 . 3  4 . 5  - 3 7 . 7  - 5 1 . 6  1 5 5 . 3  

- 1 3 2 . 8  6 - 1 9 6 . 0  30 .1  - 2 3 . 8  - 3 6 . 4  1 5 9 . 4  

- 129.  I 6 - 1 9 6 . 6  2 1 . 3  - 2 8 . 9  - 4 1 . 2  1 6 2 . 0  

- 1 2 5 . 9  2 - 2 2 1 . 7  2 2 . 8  - 12 .5  - 2 8 . 6  1 8 8 . 0  

- 1 2 3 . 7  2 - 2 1 . 0  8 1 . 8  - 29 .1  4 9 . 8  1 3 1 . 4  

- 1 2 0 . 3  3 - 16 .2  8 5 . 9  - 19.1 4 3 . 0  137 .  I 

- 1 1 8 . 4  I - 2 0 3 . 9  8 2 . 7  - 0 . 0  2 1 . 9  1 4 6 . 4  

- 1 1 5 . 7  3 - 5 . 1  7 0 . 6  - 14 .2  7 0 . 0  1 3 1 . 6  

- 1 1 2 . 7  3 - 9 . 3  6 8 . 4  - 8 .5  7 2 . 3  1 2 0 . 9  

- 1 0 9 . 4  2 1 3 . 6  74 .1  - 1 9 . 0  6 3 . 4  1 5 5 . 4  

R 

1 

I 

I 

R 

R 

T 

T 

T 

T 

T 

T 

T 

T 
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N 
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T a b l e  5 ( c o n t i n u e d )  

Japan, Boso Heizogawa, 35.2 ° N, 140.2 ° E 

D e p t h  ( c m )  # D e c .  I n c .  R e l .  in t .  c~95 L a t .  (o N )  L o n g .  ( °  E )  P o l .  

- 1 0 5 . 6  3 - l l . l  7 6 . 7  - 7 . 2  5 9 . 8  1 3 0 . 8  N 

- 1 0 3 . 0  2 - 3 9 . 3  7 9 . 9  - 2 . 8  4 9 . 0  1 2 1 . 4  1 

- 1 0 0 . 7  2 - 1 7 .7  7 2 . 8  - 4 . 9  6 4 . 1  1 1 8 . 7  N 

- 9 7 . 5  3 - 1 4 .9  7 7 . 2  - 10 .8  5 8 . 5  1 2 8 . 5  N 

- 9 3 . 2  4 - 3 8 . 7  7 6 . 5  - 7 . 8  5 2 . 7  1 1 3 . 7  I 

8 9 . 7  2 - 2 5 . 5  7 2 . 4  - 1 8 . 4  6 1 . 8  1 1 1 . 0  N 

- 8 7 . 5  2 - 3 3 . 0  6 4 . 6  - 1 3 . 0  6 2 . 9  8 4 . 8  N 

8 4 . 3  3 - 4 0 . 3  6 0 . 6  - 9 .1  5 8 . 1  7 4 .  I N 

- 8 2 .1  1 - 2 4 . 3  4 7 . 8  - 0 . 0  6 8 . 5  4 0 . 0  N 

- 7 9 . 7  2 - 1 7 . 2  6 2 . 9  - 7 .1  7 4 . 0  9 0 . 0  N 

7 5 . 2  3 - 3 0 . 3  5 1 . 4  - 13 .2  6 4 . 7  5 1 . 9  N 

- 7 2 . 4  4 - 2 0 . 6  5 8 . 8  - 7 . 4  7 3 . 1  7 1 . 2  N 

- 6 9 . 3  2 - 2 4 . 6  5 4 . 4  - 6 . 5  6 9 . 9  5 6 . 7  N 

- 6 5 . 7  3 - 2 0 . 8  5 1 . 6  - 8 . 0  7 2 . 5  4 6 . 5  N 

- 62 . ( I  3 - 1 8 . 2  5 0 . 8  - 9 . 6  7 4 . 4  4 1 . 7  N 

- 5 8 . 6  3 - 2 4 . 3  5 0 . 6  - 8 . 8  6 9 . 4  4 6 . 4  N 

- 5 5 . 7  3 - 14. I 5 7 . 3  - 7 . 2  7 8 . 3  6 8 . 0  N 

5 2 .  I 2 - 8 . 6  5 6 . 2  - 2 . 4  8 2 . 9  6 5 . 3  N 

- 4 9 . 0  3 - 12.1 6 1 . 3  - 9 . 6  7 8 . 2  9 1 . 2  N 

- 4 5 . 8  2 - 14.1 4 9 . 6  - 8 . 3  7 7 . 2  3 2 . 1  N 

- 4 4 . 3  I - 2 3 . 4  6 3 . 1  - 0 . 0  6 9 . 8  85 .  I N 

- 4 2 . 3  2 - 1 6 . 7  4 8 . 3  - 1 2 . 2  7 4 . 7  32 .1  N 

- 3 9 . 1  3 - 9 . 4  5 4 . 2  - 12 .8  8 2 . 3  4 9 . 6  N 

- 3 5 . 9  2 - 0 . 9  4 9 . 5  - I 1.3 85 .1  3 2 9 . 4  N 

- 3 2 . 2  3 - 16 .1  4 5 . 7  - 10 .7  7 4 . 1  2 4 . 3  N 

- 2 8 . 6  3 - 2 2 . 3  4 4 . 8  - 1 4 . 2  6 9 . 0  3 1 . 7  N 

2 4 . 9  3 - 4 . 3  4 7 . 6  13.1 8 2 . 6  3 5 0 . 7  N 

- 2 1 , 6  3 - 2 0 . 9  4 9 . 8  - 7 . 3  7 1 . 9  4 1 . 3  N 

- 1 6 . 4  3 - 2 0 . 7  5 I.  1 - 7 .1  7 2 . 4  4 4 . 9  N 

- 1 4 . 4  2 - 5 . 2  4 6 . 7  - 19 .5  8 1 . 5  3 5 2 . 8  N 

1 0 . ' 7  3 - 5 . 4  4 9 . 1  - 6 . 1  8 3 . 1  3 . 0  N 

- 6 . 8  3 - 9 . 8  5 3 . 2  - 4 . 3  8 1 . 8  4 2 . 6  N 

- 2 . 2  2 - 1 2 .2  5 6 . 9  - 6 . 7  7 9 . 9  6 6 . 8  N 

- 232 . :2  I 1 6 8 . 4  - 2 8 . 4  - 0 . 0  - 6 7 . 4  1 7 0 . 4  R 

- 2 2 8 . 8  3 1 6 3 . 3  - 8 . 8  - 2 4 . 0  - 5 5 . 6  1 7 0 . 6  R 

- 2 2 5 . ' 8  2 1 9 0 . 8  - 3 8 . 7  - 1 1 , 7  - 7 3 . 6  1 0 1 . 9  R 

- 2 2 2 . 2  3 1 7 6 . 3  1 4 . 3  - 19 .1  - 6 1 . 8  1 4 8 . 0  R 

- 2 2 0 . 4  I 1 4 8 . 8  - 3 8 .1  - 0 . 0  - 5 9 . 5  2 1 1 . 7  R 

- 2 1 7 , 8  3 1 1 8 . 3  - 1 3 . 3  - 7 9 . 3  - 2 6 . 9  2 1 8 . 9  I 

- 2 1 3 .  I 3 1 6 2 . 2  3 . 9  - 4 1 . 2  - 4 9 . 3  1 6 8 . 2  1 

- 2 0 9 . 7  2 1 1 3 . 0  1.7 - 6 3 . 3  - 18.1 2 1 5 . 7  1 

- 207.13 2 9 3 . 6  2 7 . 2  - 5 5 . 8  5 , 4  2 1 6 . 4  1 

- 2 0 5 . 0  I 1 4 3 . 7  - 1 8 . 0  - 0 . 0  - 4 7 . 9  2 0 0 . 9  I 

- 2 0 2 . 1  3 - 1 9 1 . 0  - 3 1 . 2  - 1 2 . 0  - 6 9 . 2  1 7 1 . 2  R 

- 1 9 8 . 6  2 - 1 9 2 . 4  - 2 6 . 6  - I 3 . 4  6 6 . 1  171 .1  R 

- 1 9 7 . 0  1 - 1 8 2 . 6  - 3 4 . 2  - 0 . 0  - 7 3 . 4  1 4 8 . 9  R 

- 1 9 3 . 6  3 - 1 7 0 . 4  - 3 6 . 1  - 6 9 . 8  - 7 2 . 6  1 0 8 . 5  R 

- 1 9 1 . 2  1 - 173 .1  - 4 1 . 5  0 . 0  - 7 7 . 2  1 1 0 . 5  R 

- 1 8 8 . 8  2 - 1 7 2 .1  - 3 9 . 0  - 1 3 . 6  - 7 5 . 1  1 1 0 . 6  R 

- 1 8 6 . 4  2 - 1 7 5 .1  - 3 0 . 9  - 1 2 . 2  - 7 0 . 9  1 2 5 . 6  R 
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Japan, Boso Heizogawa, 35.2 ° N, 140.2 ° E 

D e p t h  ( c m )  # D e c .  I n c .  R e l .  in t .  a 9 5  L a t .  ( °  N )  L o n g .  (°  E )  P o l .  

- 1 8 5 . 2  1 - 1 6 5 . 8  - 1 8 . 6  - 0 . 0  - 6 1 . 2  l l 0 . 0  R 

- 1 8 2 . 3  4 - 1 6 3 . 9  - 2 9 . 6  - 7 .1  - 6 5 . 9  9 9 . 5  R 

- 1 7 9 . 3  2 - 1 7 3 . 0  - 3 6 . 4  - 7 .1  - 7 3 . 8  1 1 5 . 9  R 

- 176 .1  3 - 1 6 2 . 6  - 3 4 . 5  - 1 2 . 9  - 6 7 . 7  9 2 . 2  R 

- 1 7 2 . 7  3 - 1 6 1 . 6  - 3 2 . 2  - 6 . 0  - 6 5 . 9  9 2 . 8  R 

- 1 6 9 . 5  3 - 1 6 6 . 7  - 17 .1  - 1 9 . 3  - 6 0 . 9  1 1 2 . 4  R 

- t 6 6 . 0  3 - 1 6 3 . 5  - 2 . 2  - 2 1 . 2  - 5 2 . 6  1 1 2 . 4  I 

- 1 6 2 . 9  3 - 1 7 5 . 7  - 2 0 . 1  - 1 0 . 6  - 6 4 . 9  1 3 0 . 3  R 

- 1 5 9 . 6  3 - 1 8 1 . 5  - 2 4 . 3  - 13 .8  - 6 7 . 5  144 .1  R 

- 1 5 2 . 4  3 - 1 8 6 . 5  - 3 0 . 0  - 1 1 . 6  - 7 0 . 0  1 5 8 . 7  R 

- 1 4 9 . l  3 - 1 7 6 . 8  - 2 6 . 4  - 11 .1  - 6 8 . 5  1 3 1 . 7  R 

- 1 4 5 . 8  5 - 1 8 0 . 8  - 2 2 . 7  - 8 . 6  - 6 6 . 6  142 .1  R 

- 1 4 4 . 3  1 - 2 0 2 . 0  - 2 1 . 9  - 0 . 0  - 5 8 . 9  1 8 5 . 5  R 

- 1 4 1 . 8  4 - 1 8 4 . 2  - 2 1 . 5  - 17 .1  - 6 5 . 6  1 5 0 . 3  R 

- 1 3 7 . 5  3 - 1 8 7 . 0  - 8 . 1  - 2 1 . 0  - 5 8 . 2  1 5 3 . 6  R 

- 1 3 6 . 2  1 - 1 9 1 . 2  - 6 . 2  - 0 . 0  - 5 6 . 3  1 6 0 . 6  R 

- 1 3 2 . 8  3 - 1 9 6 . 5  1 2 . 4  - 18 .3  - 4 5 . 7  164 .1  I 

- 1 3 0 . 0  2 - 1 9 8 . 0  3 . 8  - 8 . 9  - 4 9 . 3  1 6 8 . 4  1 

- 1 2 7 . 5  2 - 1 7 8 . 5  - 8 . 3  - 16 .5  - 5 9 . 0  1 3 7 . 3  R 

- 1 2 4 . 6  3 - 1 8 3 . 6  - 1 3 . 8  - 1 3 . 5  - 6 1 . 6  1 4 7 . 6  R 

- 121 .1  3 - 1 7 2 . 9  - 1 4 . 9  - 9 . 2  - 6 1 . 6  1 2 5 . 2  R 

- 1 1 8 . 4  3 - 1 7 7 . 3  1 2 . 2  - 1 8 . 5  - 4 8 . 6  1 3 6 . 2  T 

- 1 1 5 . 0  2 - 1 7 9 . 5  1 6 . 9  - 1 6 . 3  - 4 6 . 2  1 3 9 . 4  T 

- 1 1 3 . 3  1 - 1 6 8 . 9  2 4 . 8  - 0 . 0  - 4 0 . 6  1 2 5 . 9  T 

- 1 1 0 . 7  3 - 1 5 9 . 8  4 4 . 0  - 1 6 . 5  - 2 6 . 1  1 2 0 . 0  T 

- 1 0 6 . 8  4 5 . 2  7 7 . 8  - 13 .5  5 8 . 4  144 .1  N 

- 1 0 4 . 3  2 2 1 . 4  7 7 . 2  - 1 2 . 2  5 7 . 0  1 5 6 . 3  N 

- 1 0 0 . 3  3 0 . 7  6 3 . 7  6 .1  7 9 . 9  1 4 2 . 9  N 

- 9 7 . 1  3 - 3 . 9  6 9 . 2  - 9 . 6  7 2 . 3  1 3 2 . 4  N 

- 9 3 . 1  3 - 8 2 . 4  7 5 . 6  - 1 5 . 8  3 4 . 2  1 0 6 . 9  I 

- 8 9 . 6  3 - 3 0 . 3  7 3 . 3  - 1 0 . 3  5 9 . 0  1 0 9 . 8  N 

- 8 5 . 7  3 - 2 4 . 3  6 4 . 2  - 3 . 4  6 8 . 8  8 7 . 9  N 

- 8 2 . 1  3 - 8 . 6  7 4 . 4  - 1 9 . 0  6 3 . 8  1 3 0 . 7  N 

- 7 8 . 9  3 - 2 1 .1  6 4 . 9  - 5 . 4  7 0 . 4  9 2 . 9  N 

- 7 5 . 3  3 - 2 4 . 9  6 3 . 5  - 5 . 8  6 8 . 7  8 5 . 4  N 

- 7 1 . 6  3 - 2 8 . 2  6 5 . 9  - 8 . 4  6 5 . 5  9 0 . 8  N 

- 6 8 . 6  2 - 3 2 . 9  6 0 . 0  - 3 . 3  6 3 . 6  7 2 . 6  N 

- 6 6 . 7  1 - 2 3 . 9  6 1 . 9  - 0 . 0  6 9 . 9  8 0 . 8  N 

- 6 4 . 1  3 - 9 . 4  5 5 . 8  - 2 . 7  8 2 . 3  6 1 . 6  N 

- 6 0 . 5  3 - 11.1 5 3 . 2  - 5 .1  8 0 . 7  4 4 . 7  N 

- 5 7 . 4  2 - 3 . 4  4 7 . 9  3 . 0  8 3 . 1  3 4 5 . 9  N 

- 5 5 . 7  1 - 1 1 . 2  5 5 . 5  0 . 0  8 0 . 9  5 8 . 9  N 

- 5 2 . 9  1 6 . 4  5 6 . 6  - 0 . 0  8 4 . 4  2 0 7 . 0  N 

- 4 9 . 0  3 - 4 . 0  5 6 . 7  1 2 . 7  8 6 . 2  8 3 . 6  N 

- 4 6 . 1  3 - 4 . 5  5 6 . 3  - 1 3 . 0  8 6 . 0  7 6 . 0  N 

- 4 2 . 1  3 6 . 5  5 5 . 1  - 6 . 9  8 4 . 7  2 2 3 . 9  N 

- 3 8 . 1  3 2 . 0  5 4 . 4  - 1 2 . 3  8 8 . 4  2 3 9 . 2  N 

- 3 4 . 4  3 - 3 . 3  5 6 . 9  - 1 1 . 7  8 6 . 5  9 2 . 7  N 

- 3 1 . 2  3 - 1 1 . 0  5 5 . 0  - 1 1 . 0  8 1 . 1  5 5 . 6  N 

- 2 8 . 3  2 - 2 0 . 7  5 7 . 0  - 1 1 . 4  7 3 . 2  6 4 . 4  N 
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T a b l e  5 ( c o n t i n u e d )  

Japan, Boso Heizogawa, 35.2 ° N, 140.2 ° E 

D e p t h  ( c m )  # D e c .  Inc .  R e l .  in t .  o/95 L a t .  (°  N )  L o n g .  (°  E )  Po l .  

- 2 5 . 2  3 - 2 8 . 3  5 4 . 9  - 1 0 . 2  6 7 . 0  5 9 . 1  N 

- 2 1 . 7  3 - 1 4 . 0  5 7 . 0  - 1 0 . 9  7 8 . 5  6 6 . 2  N 

- 1 8 . 2  4 - 1 7 . 5  5 9 . 1  - 18 .3  7 5 . 3  7 4 . 2  N 

1 5 . 3  I - 9 . 7  6 1 . 5  - 0 . 0  7 9 . 4  9 7 . 5  N 

- 1 2 . 3  5 - 3 5 . 1  6 9 . 1  - 15 .5  5 9 . 7  9 6 . 2  N 

- 9 . 6  3 - 1 2 . 4  5 9 . 6  - 11 .1  7 8 . 9  8 2 . 0  N 

- 6 . 2  3 - 9 . 5  7 1 . 6  - 2 1 . 0  6 7 . 9  1 2 6 . 2  N 

- 1.8 4 - 2 7 . 9  7 2 . 7  - 1 3 . 3  6 0 . 6  1 1 0 . 0  N 

A l l  a n g u l a r  m e a s u r e m e n t s  in  d e g r e e s .  # d e n o t e s  t h e  n u m b e r  o f  s a m p l e s  t a k e n  p e r  s t r a t i g r a p h i c  l e v e l .  T h e  p o l a r i t y  s t a t e s  a r e  d e n o t e d  ( R )  

r e v e r s e ,  ( N )  n o r m a l ,  ( I )  i n t e r m e d i a t e ,  ( T )  t r a n s i t i o n a l .  

T a b l e  6 

D a t a  o f  M B D 9 7  

New Zealand, Wanganui, - 4 0 . 0  ° N, 175.0 ° E 

H e i g h t  ( c m )  # D e c .  I n c .  R e l .  in t .  0/95 L a t .  (°  N )  L o n g .  (°  E )  P o l ,  

5 3 0 0 . 0  

5 5 0 0 . 0  '~ 

5 9 0 0 . 0  ') 

5 9 9 0 . 0  '~ 

6 1 0 0 . 0  '~ 

6 1 4 0 . 0  '~ 

6 2 0 0 . 0  '~ 

6 5 0 0 . 0  

6 8 5 0 . 0  '? 

7 1 5 0 . 0  '7 

7 4 0 0 . 0  '7 

7 9 5 0 . 0  '~ 

1 9 7 . 9  3 2 . 7  

1 9 1 . 4  3 3 . 9  

149 .1  4 4 . 3  

1 8 2 . 5  3 5 . 3  

1 8 4 . 9  3 3 . 5  

163 .1  4 7 . 1  

2 4 0 . 9  - 3 1 . 9  

1 8 2 . 9  - 4 8 . 6  

- 1 1 2 . 7  - 4 8 . 2  

- 8 9 . 4  - 4 8 . 7  

1 5 5 . 7  - 3 2 . 9  

1 7 . 2  - 7 1 . 8  

- 6 2 . 9  3 5 . 0  R 

- 6 6 . 4  2 2 . 9  R 

- 6 0 . 8  2 8 4 . 1  R 

- 6 9 . 4  1.7 R 

- 6 7 . 9  7 . 4  R 

- 7 1 . 8  2 9 9 . 9  R 

- 9 . 5  5 2 . 8  T 

- 2 0 . 4  3 5 7 . 7  T 

3 . 2  4 8 . 7  T 

1 9 . 0  6 1 . 8  T 

- 2 7 . 8  3 2 8 . 7  T 

6 9 . 9  3 2 6 . 8  N 

Atlantic, 609B, 49.9 ° N, 335.8 ° E 

D e p t h  ( c m )  # D e c .  Inc .  R e l .  in t .  0/95 L a t .  (°  N )  L o n g .  (°  E )  P o l .  

- 5 7 . 5  1 - 2 0 7 . 6  - 5 5 . 2  0 . 7 0 5 0  - - 6 5 . 5  4 1 . 0  R 

- 5 7 . 0  1 - 2 0 2 . 6  - 5 3 . 3  0 . 4 2 5 0  - - 6 6 . 9  3 0 . 3  R 

- 5 6 . 5  1 - 1 9 3 . 7  - 5 7 . 9  0 . 7 5 0 0  - - 75 .  I 2 1 . 7  R 

- 5 6 . 0  1 - 1 8 7 . 2  - 6 1 . 3  0 . 6 2 1 0  - - 8 1 . 0  1 2 . 2  R 

- 5 5 . 5  I - 1 8 7 . 3  - 6 1 . 3  0 . 7 1 9 0  - - 8 1 . 0  1 2 . 6  R 

- 5 5 . 0  I - 1 9 3 . 6  - 6 0 . 0  0 . 6 3 6 0  - - 7 6 . 9  2 7 , 6  R 

- 5 4 . 5  I - 193 .1  - 6 0 . 2  0 . 7 1 2 0  - - 7 7 . 4  2 7 . 0  R 

- 5 4 . 0  1 - 195 .1  - 5 9 . 3  0 . 8 8 2 0  - - 7 5 . 6  2 8 . 9  R 

- 5 3 . 5  1 - 1 8 8 . 2  - 6 4 . 4  0 . 8 2 3 0  - - 8 3 . 4  3 5 . 3  R 

- 5 3 . 0  1 - 1 9 1 . 0  - 5 7 . 4  1 . 0 0 0 0  - - 7 5 . 8  1 3 . 5  R 

- 5 2 . 5  1 - 1 9 7 . 5  - 6 4 . 5  0 . 8 0 5 0  - - 7 7 . 8  5 5 . 7  R 

- 5 2 . 0  1 - 2 0 8 , 8  - 6 6 . 7  0 . 5 7 7 0  - - 7 1 . 4  7 5 . 0  R 

- 5 1 . 5  1 - 2 0 8 , 8  - 6 8 . 2  0 . 5 7 4 0  - - 7 1 . 8  8 1 . 5  R 

- 5 1 . 0  1 - 1 9 2 , 6  - 6 7 , 0  0 . 4 4 3 0  - - 8 1 . 9  6 9 . 3  R 

- 5 0 . 5  I - 1 9 1 . 4  - 6 7 . 5  0 . 4 4 6 0  - - 8 2 . 7  7 4 . 1  R 

- 5 0 . 0  I - 1 9 2 . 2  - 6 7 . 5  0 . 4 3 6 0  - - 8 2 . 2  7 4 . 1  R 

- 4 9 . 5  I - 1 9 5 . 3  - 6 7 . 8  0 . 4 3 0 0  - - 8 0 . 2  7 7 . 0  R 

- 4 9 . 0  1 - 2 0 3 . 7  - 6 4 . 9  0 . 3 5 3 0  - - 7 4 . 0  6 4 . 1  R 
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T a b l e  6 ( c o n t i n u e d )  

Atlantic, 609B, 49.9 ° N, 335.8 ° E 

D e p t h  ( c m )  # D e c ,  I n c .  R e l .  i n t .  ~ 5  L a t .  ( °  N )  L o n g .  ( °  E )  P o l .  

- 4 8 . 5  1 - 2 0 7 . 3  - 6 8 . 3  0 . 4 3 8 0  - - 7 2 , 7  8 1 . 7  R 

- 4 8 . 0  1 - 2 0 5 . 4  - 6 6 . 0  0 . 4 0 5 0  - 7 3 . 4  7 0 . 2  R 

- 4 7 . 5  1 - 1 9 6 . 2  - 6 5 . 2  0 . 3 8 5 0  - 7 9 . 0  5 8 . 3  R 

- 4 7 . 0  1 - 1 7 9 . 8  - 6 8 . 5  0 . 3 2 0 0  - - 8 8 . 1  1 5 9 . 5  R 

- 4 6 . 5  I - 1 9 0 . 4  - 6 6 . 8  0 . 3 0 9 0  - - 8 3 . 3  6 5 . 5  R 

- 4 6 . 0  I - 1 8 9 . 2  - 6 6 , 5  0 . 3 0 6 0  - - 8 4 . 0  61  .(1 R 

- 4 5 . 5  1 - 1 8 6 , 5  - 6 7 . 7  0 . 3 5 3 0  - - 8 5 . 8  7 8 . 9  R 

- 4 5 . 0  1 - 1 8 4 . 2  - 6 7 . 2  0 . 2 9 0 0  - - 8 7 . 3  6 9 . 2  R 

- 4 4 . 5  I - 1 8 3 . 2  - 6 5 . 3  0 . 3 8 1 0  - 8 6 . 7  1 7 . 5  R 

- 4 4 . 0  1 - 1 9 0 . 6  - 6 2 . 6  0 . 3 8 7 0  - - 8 0 . 7  3 0 . 6  R 

- 4 3 . 5  1 - 1 8 8 . 6  - 6 1 . 3  0 . 4 7 7 0  - - 8 0 . 5  1 7 . 6  R 

- 4 3 . 0  1 - 1 8 2 . 1  - 6 2 . 6  0 . 4 6 9 0  - - 8 3 . 9  3 5 0 . 2  R 

- 4 2 . 5  1 - 1 8 5 . 4  - 6 4 . 2  0 . 4 0 7 0  - - 8 4 . 7  2 ( I . 7  R 

- 4 2 . 0  1 - 1 8 4 . 1  - 6 3 . 2  0 . 3 3 6 0  - - 8 4 . 1  5 . 7  R 

- 4 1 . 5  1 - 1 8 2 . 6  - 6 2 . 5  0 , 2 6 8 0  - - 8 3 . 7  3 5 3 . 2  R 

- 4 1 . 0  1 - 1 9 3 . 1  - 6 1 . 8  0 . 2 7 0 0  - - 7 8 . 7  3 3 . 4  R 

- 4 0 . 5  1 - 1 9 4 . 9  - 7 1 . 0  0 , 0 7 5 0  - - 7 9 . 4  1 0 3 . 3  R 

- 4 0 . 0  1 - 2 2 3 . 7  - 6 7 . 8  0 . 3 0 2 0  - 6 2 . 5  8 4 . 7  R 

- 3 9 . 5  1 - 2 1 8 . 0  - 6 6 . 5  0 . 2 5 8 0  - 6 5 . 5  7 8 . 5  R 

- 3 9 . 0  1 - 2 2 3 , 7  - 6 5 . 3  0 . 2 2 0 0  - 6 1 . 4  7 7 . 9  R 

- 3 8 . 5  1 2 2 4 , 2  - 6 6 . 2  0 . 2 1 6 0  - - 6 1 . 5  8 0 . 5  R 

- 3 8 . 0  I 2 3 2 . 9  - 6 2 .  I 0 . 1 7 6 0  - - 5 3 . 9  7 6 . 3  1 

- 3 7 . 5  1 - 2 2 7 . 2  - 5 8 . 2  0 . 2 0 2 0  - - 5 5 . 2  6 5 , 8  R 

- 3 7 . 0  I - 2 2 7 . 5  - 5 9 . 9  0 . 2 3 8 0  - 5 6 , 0  6 8 . 8  R 

- 3 6 . 5  1 - 2 1 4 . 4  - 5 3 . 2  0 . 2 4 7 0  - 6 0 , 1  4 6 . 3  R 

- 3 6 . 0  1 - 2 1 6 . 9  - 5 8 . 1  0 . 1 1 6 0  - - 6 1 . 7  5 6 . 9  R 

- 3 5 . 5  I - 2 3 0 , 4  - 6 4 , 0  0 . 0 9 4 0  - - 5 6 . 5  7 8 . 5  R 

- 3 5 . 0  1 - 1 8 3 . 8  - 6 3 ,  I 0 , 0 5 1 0  - - 8 4 . 1  3 . 2  R 

3 4 . 5  I - 1 9 4 . 4  - 2 1 . 8  0 , 0 5 4 0  - - 4 9 . 7  3 5 7 . 9  1 

- 3 4 . 0  I - 1 8 8 . 8  - 5 6 . 9  0 , 0 9 9 0  - 7 6 . 1  6 .  I R 

- 3 3 . 5  1 - 1 7 4 . 7  - 7 3 . 4  0 , 1 5 5 0  - 8 0 . 2  1 7 1 . 9  R 

- 3 3 . 0  1 - 1 7 3 . 4  - 7 6 . 9  0 . 1 6 4 0  - 7 4 . 4  1 6 6 . 2  R 

- 3 2 . 0  1 - 1 8 6 . 4  - 7 0 . 2  0 . 1 6 0 0  - - 8 4 . 1  1 1 6 . 3  R 

- 3 1 , 5  I - 1 8 6 . 2  - 5 6 . 5  0 . 1 5 3 0  - 7 6 . 5  3 5 7 . 4  R 

- 3 1 . 0  1 - 1 7 6 . 0  - 5 0 . 8  0 . 1 3 7 0  - - 7 1 . 4  3 2 5 . 0  R 

- 3 0 . 0  1 - 1 8 5 . 7  - 5 2 . 1  0 . 1 6 3 0  - - 7 2 . 3  3 5 1 . 8  R 

- 2 9 . 5  1 - 1 7 9 . 9  - 5 5 . 5  0 . 1 7 7 0  - - 7 6 . 2  3 3 5 . 4  R 

- 2 9 . 0  1 - 1 7 7 . 6  - 5 1 . 6  0 . 1 6 4 0  - - 7 2 . 3  3 2 9 . 1  R 

- 2 8 . 5  1 - 1 8 2 . 0  - 4 8 . 7  0 . 2 2 0 0  - - 6 9 . 7  3 4 0 . 8  R 

- 2 8 . 0  1 - 1 8 9 . 1  - 4 8 . 0  0 . 1 9 0 0  - 6 8 , 1  3 5 7 . 5  R 

- 2 7 . 5  1 - 1 9 0 . 2  - 5 3 . 3  0 . 1 7 7 0  - - 7 2 . 3  4 . 7  R 

- 2 7 . 0  1 - 1 8 2 , 6  - 4 5 . 3  0 . 1 7 7 0  - - 6 6 . 9  3 4 1 . 7  R 

- 2 6 . 5  1 - 1 8 5 . 9  - 4 3 . 7  0 . 1 7 1 0  - - 6 5 . 3  3 4 8 . 6  R 

- 2 6 . 0  1 - 1 8 0 . 7  - 4 3 . 5  0 . 1 6 8 0  - - 6 5 . 5  3 3 7 . 3  R 

- 2 5 . 5  1 - 1 7 2 . 9  - 3 3 , 6  0 . 1 2 8 0  - 5 8 . 0  3 2 3 . 0  R 

- -  2 4 . 5  I - -  1 6 2 , 3  - 1 1 . 8  0 . 0 9 0 0  - - -  4 3 . 6  3 1  I .  1 T 

- 2 4 . 0  1 - 1 5 6 . 6  5 . 7  0 . 0 4 3 0  - - 3 3 . 6  3 0 7 . 3  T 

- 2 3 . 5  l 1 5 7 . 1  8 . 6  0 . 0 6 3 0  - - 3 2 . 3  3 0 8 . 4  T 

- 2 2 . 0  1 - 1 0 8 . 1  4 3 . 8  0 . / ) 2 8 0  - 8 . 6  2 7 5 . 7  T 

- 2 1 . 5  1 - 7 7 . 5  7 0 . 4  0 . 0 3 6 0  - 4 4 . 7  2 8 2 . 9  T 

- 2 1 .  I 1 - 4 2 , 5  5 5 , 6  0 . 0 6 3 0  - 5 6 . 6  2 3 7 . 9  N 
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Table  6 (cont inued)  

Atlantic', 609B, 49.9 ° N, 335.8 ° E 

Depth  (cm)  # Dec. Inc. Rel.  int. a95 Lat. (° N)  Long.  (° E) Pol. 

- 20.0 

- 19.5 

- 1 9 . 0  

- 1 8 . 5  

- 1 8 . 0  

- 1 7 . 5  

- 17.0 

16.5 

16.0 

- 1 5 . 5  

- 1 5 . 0  

- 1 4 . 5  

- 1 4 . 0  

- 1 3 . 5  

- 1 3 . 0  

- 1 2 . 5  

- 1 2 . 0  

- 1 1 . 5  

- 1 1 . 0  

- I 0 . 5  

- -  I(1.0 

- 9 . 5  

- 9 . 0  

- 8 . 5  

8.5 

- 8 . 0  

7.5 

- 7 . 0  

- 6 . 0  

- 5 . 5  

- 5 . 0  

- 4 . 5  

- 4 . 0  

- 3 . 5  

- 3 . 0  

- 2 . 5  

2.0 

- 1 . 5  

15.4 60.2 0 .0420  - 76.2 99.0 N 

1.3 22.6 0 ,0730 - 51.9 153.7 I 

- 34.1 16,3 0 .1050 - 39.7 201.9 I 

- 37.7 12,4 0 .1710  - 36.2 204.6 l 

- 50.9 - 9,0 0 .0700 - 20.2 211.3 I 

- 32.1 13,6 0 .1170  - 39.3 198.8 I 

- 2 7 . 1  - 2 , 1  0 .1060 - 34.0 189.1 I 

- 13.9 17, I 0 .0860 - 47.3 176.3 I 

- 21.3 1.0 0 .0930 - 37.4 183,0 I 

- 22,9 28.0 0 .1020  - 50.4 191.9 l 

- 17.7 30.5 0 .1100 - 53.6 185.2 l 

- 22.7 21.5 0 .0800 - 47.0 189.5 1 

- -1 .9  39.0 0 .1500  - 62.1 159.5 N 

0.2 42.8 0 .1660 - 65.0 155.3 N 

- 24.7 39.3 0 .0380  - 56.3 199.9 N 

9.6 42.0 0 .1670  - 63.3 136.0 N 

- 55.1 87,4 0 .2140 - 52.6 328.8 I 

19.6 51.2 0 .2020 - 66.8 109.4 N 

16.5 48.4 0 .1390  - 66.0 118.3 N 

45.5 67.1 0 .0230 - 61. I 48.1 N 

35.0 49.1 0 .1180 - 57. I 89.7 N 

41.6 46.2 0 .0900 - 51,3 85.3 1 

47.5 54, 8 0 .0910 - 52.9 70.4 1 

46.0 47.6 0 .0800 49.5 79,7 I 

47. I 60.5 0 ,0820  - 56.6 61.9 N 

37.1 71.8 0 .1380 - 67.1 34.2 N 

- 34.4 74.4 0 .1030 - 67.9 288.6 N 

54.2 87.0 0 .1000 - 53.1 343.9  I 

4.2 80.0 0 .1540  - 69.2 339.7 N 

- 102.6 75.6 0 .0880 - 38.0 301.3 1 

- 114.1 81.2 0 .1070 - 40.7 314.9 1 

- 31.5 69.6 0 .1330  - 70.3 268.1 N 

- 19.3 69.5 0 .1050 - 77,6 268.8 N 

- 3.4 64.9 0 .1500 - 86.3 194.1 N 

15. I 66.2 0 .1990  - 80. I 67.4 N 

- 260.6 85.0 0 .0900 47.3 350.3 1 

- 19.5 81.9 0 .0640 - 64.4 323.6 N 

- 8.2 87.7 0 .0890  - 54.4 334.6 1 

Al l  angu la r  measuremen t s  in degrees.  # denotes  the n u m b e r  o f  samples  taken per s t ra t igraphic  level .  The polar i ty  states are denoted  (R) 

reverse,  (N) normal ,  (I) in termediate ,  (T) t ransi t ional .  

Table  7 

Data o f  M B D 9 7  

Atlantic, 664D, 0.1 ° N, 336.7 ° E 

Depth (cm)  # Dec. Inc. Rel.  int. ol95 Lat. (° N) Long.  (° E) Pol. 

- 146.(1 I 174.1 17.0 1.0000 - - 79.4 10.3 R 

- 145.0 1 175.1 18.5 - - 79.2 3.5 R 

- 144.0 I 180.9 22.7 0 .9600 - - 78.1 332.5 R 
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Atlantic, 664D, 0.1 ° N, 336.7 ° E 

# D e p t h  ( c m )  

- 1 4 3 . 0  

- 1 4 2 . 0  

- 1 4 1 . 0  

- 1 4 0 . 0  

- 1 3 9 . 0  

- 1 3 8 . 0  

- 1 3 7 . 0  

- 1 3 6 . 0  

- 1 3 5 . 0  

- 1 3 4 . 0  

- 1 3 3 . 0  

- 1 3 2 . 0  

- 1 3 1 . 0  

- 1 3 0 . 0  

- 129.O 

- 1 2 8 . 0  

- 1 2 7 . 0  

- 1 2 6 . 0  

- 1 2 5 . 0  

- 1 2 4 . 0  

- 1 2 3 . 0  

- 1 2 2 . 0  

- 1 2 1 . 0  

- 1 2 0 . 0  

- 1 1 9 . 0  

- 1 1 8 . 0  

- 1 1 7 . 0  

- 1 1 6 . 0  

- 1 1 4 . 0  

- 1 1 3 . 0  

- 1 1 2 . 0  

- 1 1 1 . 0  

- 1 1 0 . 0  

- 1 0 9 . 0  

- 1 0 8 . 0  

- 1 0 3 . 0  

- 1 0 2 . 0  

- 1 0 1 . 0  

- 1 0 0 . 0  

- 9 9 . 0  

- 9 7 . 0  

- 9 6 . 0  

- 9 5 . 0  

- 9 4 . 0  

- 9 3 . 0  

- 9 2 . 0  

- 9 1 . 0  

- 9 0 . 0  

- 8 9 . 0  

- 8 8 . 0  

- 8 6 . 0  

D e c .  Inc .  R e l .  int .  a 9 5  L a t .  (° N )  L o n g .  

1 7 5 . 9  2 1 . 6  - --  - 7 8 . 0  3 5 6 . 4  

1 7 1 . 7  14 .6  0 . 9 4 0 0  - - 7 8 . 8  2 4 . 3  

1 6 7 . 9  3 0 . 1  - - - 6 9 . 8  1 2 . 4  

1 7 7 . 4  2 6 . 7  0 . 8 8 0 0  -- - 7 5 . 6  3 4 6 . 9  

1 6 5 . 3  20 .1  - - - 7 2 . 0  3 0 . 7  

1 8 2 . 0  14 .3  - - - 8 2 . 4  3 2 1 . 6  

1 8 6 . 9  2 1 . 4  0 . 5 8 0 0  - - 7 6 . 9  3 0 5 , 4  

2 0 3 . 4  2 9 . 7  - - - 6 1 . 9  2 8 2 . 6  

1 9 4 . 6  2 4 . 8  0 . 4 8 0 0  - 7 0 . 5  2 8 9 . 4  

1 9 1 . 9  2 1 , 9  - - - 7 3 . 5  2 9 1 . 2  

1 8 8 . 0  4 2 . 6  0 . 4 8 0 0  - - 6 4 . 0  3 1 9 . 9  

1 9 3 . 6  2 6 , 2  - - - 7 0 . 6  2 9 3 . 2  

1 7 6 . 8  2 5 , 4  0 . 5 0 0 0  - - 7 6 . 2  3 4 9 . 9  

1 7 6 . 4  15 .3  - - - 8 1 . 3  I . I  

1 6 1 . 5  21 .  I 0 . 9 4 0 0  - - 6 8 . 6  3 5 . 2  

1 7 5 . 7  2 6 . 2  - - - 7 5 . 4  3 5 3 . 6  

1 8 8 . 5  2 1 . 7  0 . 7 8 0 0  - - 7 5 . 8  3 0 0 . 4  

1 7 2 . 4  2 0 . 9  - - 7 6 . 7  11 .2  

1 7 4 . 6  4 1 . 0  0 . 7 0 0 0  - - 6 5 . 8  3 4 8 . 9  

1 6 6 . 2  3 4 . 6  - - - 6 6 . 6  11 ,3  

1 6 0 , 5  3 0 . 6  0 . 4 4 0 0  - - 6 4 . 6  2 5 . 0  

1 4 4 . 7  4 4 . 6  - - - 4 7 . 0  2 6 . 2  

149.1  5 4 . 9  0 . 3 4 0 0  - - 4 4 . 3  12 ,5  

1 5 0 , 9  2 9 . 6  - - 5 7 , 1  3 6 . 3  

1 6 9 . 5  26 .  I - - 7 2 . 7  13 .2  

1 8 6 . 7  4 3 . 4  - - 6 3 . 8  3 2 2 . 9  

1 7 8 . 9  6 . 2  0 . 4 8 0 0  - - 8 6 . 6  3 5 5 . 6  

1 4 4 . 4  3 . 9  - - - 5 4 . 3  6 3 . 2  

1 5 7 . 5  1.2 0 . 3 6 0 0  - - 6 7 . 5  6 4 . 9  

1 7 6 . 4  9 . 9  - - 8 3 . 8  11 .9  

1 6 0 . 4  12 .0  0 . 3 6 0 0  - - 6 9 . 5  4 8 . 9  

1 7 8 . 4  1.7 - - - 8 8 . 1  3 6 . 0  

1 5 7 . 9  1 6 . 9  0 . 4 2 0 0  - - 6 6 . 3  4 4 . 5  

1 7 1 . 3  - 6 . 8  - - 8 0 . 7  8 7 . 7  

1 6 8 . 7  - 4 .1 0 . 6 8 0 0  - - 7 8 . 5  7 6 . 6  

178.1  6 . 4  0 . 4 4 0 0  - - 8 6 . 2  6 . 6  

1 7 7 . 9  0 . 8  0 . 4 8 0 0  - - 8 7 . 8  5 3 . 3  

1 8 1 . 3  - 4 . 5  - - - 8 7 . 5  1 8 7 . 8  

1 8 7 . 4  - 0 . 7  0 . 5 2 0 0  - - 8 2 . 6  2 4 4 . 8  

1 7 7 . 4  5 , 5  - - - 8 6 . 1  1 9 . 0  

1 9 4 . 6  - 1 5 . 2  - 7 3 . 6  2 1 8 . 7  

1 9 3 . 6  - 13 .5  0 . 2 8 0 0  - - 7 4 . 8  2 2 0 . 0  

1 8 0 . 0  . . . .  8 9 . 9  3 3 6 . 7  

1 8 5 . 0  - 8 .3  0 , 1 6 0 0  - - 8 3 . 6  2 0 7 , 5  

1 7 5 . 7  - 2 2 . 5  - - - 7 7 . 6  1 3 6 , 7  

1 7 7 . 0  - 4 , 8  0 , 4 8 0 0  - - 8 6 . 2  1 0 4 , 3  

1 7 9 . 0  5 . 3  - - - 8 7 . 1  3 5 6 , 7  

1 7 6 . 0  2 .3  0 , 4 0 0 0  - - 8 5 . 8  4 9 , 4  

1 8 0 . 8  14 .7  - - - 8 2 . 4  3 3 0 , 7  

179 .1  16 .5  0 . 6 2 0 0  - - 8 1 . 4  3 4 2 . 7  

1 7 9 . 0  6 . 6  0 . 5 8 0 0  - - 8 6 . 4  3 5 3 . 1  

(° E )  Po l .  

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

I 

I 

R 

R 

R 

R 

1 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 
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T a b l e  7 ( c o n t i n u e d )  

Atlantic:, 664D, O. 1 ° IV, 336. 7 ° E 

D e p t h  ( c m )  # D e c .  Inc .  Re1.  int .  oz95 L a t .  (° N )  L o n g .  (° E )  Po l .  

i 8 5 . 0  

- 8 4 . 0  

- 8 3 . 0  

- 82. ( /  

- 8 1 . 0  

- 8 0 . 0  

7 9 . 0  

- 7 8 . 0  

- 7 7 . 0  

- 76.(I  

- 7 5 . 0  

- 74 . ( /  

- 7 3 . 0  

- 72 .O 

70.1) 

- 6 9 . 0  

- 6 8 . 0  

- 6 7 . 0  

- 6 6 . 0  

- 6 5 . 0  

6 4 . 0  

- 6 3 . 0  

6 2 . 0  

- 6 1 . 0  

6 0 . 0  

- 5 9 . 0  

- 5 8 . 0  

- 5 7 . 0  

- 5 6 . 0  

- 5 5 . 0  

53.(I  

5 1 . 0  

50.(I  

4 9 . 0  

- 4 8 . 0  

- 4 7 . 0  

- 4 6 . 0  

- 4 5 . 0  

4 4 . 0  

4 2 . 0  

4 1 . 0  

- 4 0 . 0  

3 9 . 0  

38 . ( /  

- 3 7 . 0  

- 3 6 . 0  

3 5 . 0  

- 3 4 . 0  

- 3 3 . 0  

- 3 2 . 0  

- 3 1 . 0  

- 3 0 . 0  

- 29 . ( /  

1 6 9 . 0  8. l - - - 7 8 . 2  4 5 . 8  R 

1 8 6 . 3  3 . 0  - - - 8 3 . 5  2 6 1 . 0  R 

1 7 6 . 9  4 . 2  0 . 8 6 0 0  - - 8 6 . 2  3 1 . 3  R 

1 8 2 . 3  5.1 - - - 8 6 . 5  2 9 5 . 9  R 

1 8 4 . 3  - 0 . 9  0 . 4 8 0 0  - 8 5 . 7  2 4 2 . 1  R 

1 7 8 . 5  1.6 - - - 8 8 . 3  3 5 . 8  R 

1 8 4 . 2  - 1 2 . 9  0 . 3 4 0 0  - - 8 2 . 3  1 8 9 . 7  R 

1 8 5 . 9  7 . 6  - - - 8 3 . 0  2 1 4 . 4  R 

1 8 6 . 5  - 3 . 6  0 . 2 2 0 0  - 8 3 . 3  2 3 2 . 0  R 

1 7 6 . 2  9 . 8  - - - 8 3 . 7  13 .7  R 

1 7 8 . 0  - 0 . 8  0 . 2 8 0 0  - 8 8 . 0  7 5 . 3  R 

1 7 5 . 0  - 1.7 0 . 4 6 0 0  - 8 4 . 9  7 5 . 3  R 

1 7 3 . 5  - 3 . 9  0 . 4 0 0 0  - - 8 3 . 2  8 2 . 7  R 

1 7 1 . 0  - 1 0 . 0  0 . 3 2 0 0  - 7 9 . 7  9 5 . 7  R 

1 5 5 . 0  - 5 . 0  0 . 2 2 0 0  - - 6 4 . 9  7 2 . 4  R 

185 .1  5 . 6  - - 84 .1  2 7 6 . 5  R 

1 4 9 . 0  - 0 . 2 2 0 0  - 5 9 . 0  6 6 . 6  R 

1 5 3 . 5  2 . 2  0 . 2 0 0 0  - 6 3 . 5  64 .1  R 

1 5 8 . 0  6 . 7  0 . 1 4 0 0  - - 6 7 . 7  5 7 . 6  R 

1 6 0 . 0  6 . 0  0 . 2 0 0 0  - 6 9 . 8  5 7 . 7  R 

1 6 0 . 2  6 . 8  0 . 1 8 0 0  - - 6 9 . 9  5 6 . 5  R 

1 6 2 . 4  - 18 .3  0 . 1 8 0 0  - - 7 0 . 2  9 5 . 2  R 

1 8 2 . 5  0 . 2 0 0 0  - 8 7 . 5  2 4 9 . 0  R 

148 .1  - 2 . 0  0 . 1 2 0 0  - - 58 .  I 6 8 . 5  R 

I 15 .8  - 3 5 . 0  0 . 1 2 0 0  - - 2 4 . 3  8 7 . 9  T 

145 .1  - 9 . 8  - - - 5 4 . 8  7 5 . 2  T 

1 3 8 . 0  - 2 3 . 0  0 . 0 8 0 0  - 4 6 . 7  8 4 . 2  T 

I 1 9 . 0  - 0 . 1 0 0 0  - 2 9 . 0  6 6 . 7  T 

1 1 0 . 7  - 3 1 . 0  0 . 1 4 0 0  - - 19 .8  8 4 . 5  T 

1 1 7 . 0  - 2 0 . 5  0 . 1 0 0 0  - 2 6 . 5  7 8 . 5  T 

5 3 . 0  - 0 . 0 2 0 0  3 7 . 0  6 6 . 8  T 

4 3 . 0  - 9 . 8  0 . 1 0 0 0  4 6 . 8  7 4 . 1  T 

4 8 . 0  - 11 .0  0 . 0 8 0 0  4 1 . 7  7 4 . 3  T 

1 3 . 0  - 13 .3  - 7 5 . 3  9 4 . 8  N 

4 4 . 5  - 10 .9  0 . 1 0 0 0  - 4 5 . 2  7 4 . 7  [ 

4 7 . 0  - 1 8 . 4  - - 4 2 . 3  7 9 . 6  I 

1 0 . 0  - 3 4 . 0  - - 6 8 . 8  1 2 9 . 6  N 

3 2 . 7  13 .7  0 . 1 2 0 0  - 5 6 . 6  7 9 . 6  N 

4 1 . 0  - 3 7 . 9  0 . 1 0 0 0  4 4 . 6  9 7 . 5  l 

3 . 0  - 9 . 0  0 . 1 4 0 0  8 4 . 5  1 2 3 . 8  N 

5 . 8  - 1 5 . 6  0 . 1 2 0 0  - 80 .1  1 2 1 . 2  N 

17.1 - 5 . 4  0 . 2 0 0 0  - 7 2 . 7  7 6 . 2  N 

1 1 . 0  - 3. I 0 . 1 4 0 0  7 8 . 9  7 5 . 3  N 

16 .3  - 3 . 0  0 . 1 8 0 0  - 7 3 . 6  7 2 . 4  N 

2 0 . 3  - 8 .8  0 . 1 2 0 0  - 6 9 . 2  7 9 . 6  N 

15 .6  - 24 .1  0 . 1 4 0 0  - 7 0 . 0  1 0 6 . 7  N 

14 .3  - 2 7 . 5  0 . 1 8 0 0  - 6 9 . 6  1 1 3 . 4  N 

I 7 . 0  - 3 1 . 3  - - 6 5 . 5  1 1 1 . 6  N 

23 .  I 2 1 . 4  - 6 4 . 5  9 3 . 5  N 

3 4 . 2  - 2 9 . 3  0 . 1 8 0 0  - 5 2 . 7  9 3 . 4  1 

3 1 . 7  - 4 1 . 7  - - 5 0 . 9  107.1  1 

19.1 - 6 . 4  0 . 3 6 0 0  - 7 0 . 6  7 6 . 7  N 

5 . 0  16.1 - - 8 0 . 5  8 . 2  N 
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T a b l e  7 ( c o n t i n u e d )  
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Atlantic, 664D, 0.1 ° N, 336.7 ° E 

D e p t h  ( c m )  # D e c .  I n c .  R e l .  in t .  o~95 L a t .  (°  N )  L o n g .  ( °  E )  P o l .  

- 2 8 . 0  

- 2 7 . 0  

- 2 6 . 0  

- 2 5 . 0  

- 2 4 . 0  

- 2 3 . 0  

- 2 2 . 0  

- 2 1 . 0  

- 2 0 . 0  

- 1 9 . 0  

- 1 8 . 0  

- 1 7 . 0  

- 1 6 . 0  

- 1 5 . 0  

- 1 4 . 0  

- 1 3 . 0  

- 1 2 . 0  

1 1 . 0  

9 .1  - 1.8 - - 8 0 . 8  7 3 . 0  N 

8 . 7  - 4 . 0  ( / . 2 4 0 0  - 8 1 . 1  8 0 . 4  N 

3 0 . 2  - 6 . 2  - - 5 9 . 6  7 3 . 1  N 

1 2 . 4  - 3 . 3  0 . 3 0 0 0  - 7 7 . 5  7 4 . 8  N 

1.3 0 . 2  8 8 . 7  7 5 . 5  N 

6 . 2  - 3 . 9  0 . 4 6 0 0  - 8 3 . 5  85 .1  N 

- 3 . 3  4 . 5  - 86 .1  2 7 9 . 9  N 

0 . 9  - 6 . 5  0 . 5 4 0 0  - 8 6 . 5  1 4 1 . 8  N 

3 . 6  - 8 . 6  - - 8 4 . 3  1 1 7 . 7  N 

1.7 - 6 . 0  ( / . 3 8 0 0  - 8 6 . 5  128 .  I N 

- 2 . 4  - 4 . 2  - - 8 6 . 7  2 0 4 . 2  N 

2 . 6  - 3 . 6  0 . 6 0 0 0  8 6 . 8  1 0 2 . 9  N 

4 . 7  - 4 . 7  - - 8 4 . 7  9 4 . 3  N 

8 . 2  - 5.1 - - 8 1 . 4  8 4 . 7  N 

4 . 3  - 3 . 7  0 . 7 2 0 0  - 8 5 . 3  9 1 . 2  N 

- 2 . 0  - 2 . 6  0 . 8 0 0 0  - 8 7 . 6  2 1 1 . 7  N 

- 6 . 5  - 9 . 1  8 2 . 0  2 1 0 . 9  N 

- 1 1 .2  1 6 . 3  7 6 . 0  2 0 9 . 4  N 

A l l  a n g u l a r  m e a s u r e m e n t s  i n  d e g r e e s .  # d e n o t e s  t h e  n u m b e r  o f  s a m p l e s  t a k e n  p e r  s t r a t i g r a p h i c  l e v e l .  T h e  p o l a r i t y  s t a t e s  a r e  d e n o t e d  ( R )  

r e v e r s e ,  ( N )  n o r m a l ,  ( I )  i n t e r m e d i a t e ,  ( T )  t r a n s i t i o n a l .  

T a b l e  8 

D a t a  o f  M B D 9 7  

Indian, V16-58, - 4 6 . 0  ° N, 30.0 ° E 

D e p t h  ( c m )  # D e c .  I n c .  R e l .  in t .  o~95 L a t .  (o N )  L o n g .  ( °  E )  P o l .  

- 1 1 4 3 . 4  

- 1 1 4 2 . 3  

- 1 1 4 1 . 1  

- 1 1 4 0 . 5  

- 1 1 3 9 . 9  

- 1 1 3 9 . 2  

- 1 1 3 8 . 7  

- 1 1 3 8 . 2  

- 1 1 3 7 . 6  

- 1 1 3 7 . 0  

- 1 1 3 6 . 5  

- 1 1 3 6 . 0  

- 1 1 3 5 . 5  

- 1 1 3 5 . 0  

1 1 3 4 . 4  

- 1 1 3 3 . 8  

- 1 1 3 3 . 3  

- 1 1 3 2 . 7  

- 1 1 3 2 . 2  

- 1 1 3 1 . 6  

- 1 1 3 1 . 1  

- 1 1 3 0 . 6  

- 1 1 3 0 . 0  

- 1 1 2 9 . 4  

- 1 4 9 . 5  6 2 . 6  0 . 8 8 5 9  - - 6 8 . 5  3 0 5 . 7  R 

- 1 8 3 . 7  6 0 . 7  0 . 6 8 4 8  - - 8 4 . 9  1 7 6 . 9  R 

1 5 5 . 3  5 7 . 6  0 . 7 6 6 3  - - 7 0 . 2  2 8 5 . 7  R 

- 1 5 7 . 2  6 1 . 1  0 . 4 9 4 6  - - 7 3 . 2  2 9 5 . 0  R 

- 1 5 1 . 9  6 5 . 5  0 . 5 3 2 6  - 7 0 . 8  3 1 5 . 2  R 

- 1 4 6 . 2  6 5 . 5  0 . 5 2 7 2  - - 6 7 . 0  3 1 6 . 5  R 

- 151 .1  5 7 . 9  0 . 8 9 1 3  - 6 7 . 5  2 9  I.  I R 

1 2 9 . 7  6 0 . 8  0 . 6 6 3 0  - - 5 4 .  I 3 1 1 . 9  1 

- 1 4 3 . 0  6 2 . 4  ( / . 4 3 4 8  - - 6 3 . 9  3 0 8 . 5  R 

- 1 1 6 . 7  7 2 . 8  0 . 4 6 2 0  - - 5 0 . 9  3 4 1 . 8  I 

- 1 3 0 . 5  5 8 . 5  0 . 4 5 1 1  - 5 3 . 5  3 0 7 . 5  1 

- 1 3 1 . 0  6 5 . 8  0 . 5 3 8 0  - - 5 7 . 1  3 2 1 . 7  R 

- 1 2 7 .1  5 6 . 2  0 . 3 2 0 7  - - 5 0 . 0  3 0 6 .  I I 

- 1 4 9 . 2  6 4 . 9  0 . 4 2 3 9  - - 6 8 . 9  3 1 3 . 6  R 

- 1 2 5 . 6  6 1 . 6  0 . 4 7 2 8  - 5 1 . 7  3 1 5 . 4  1 

- 1 3 0 . 3  7 1 . 7  ( / . 2 5 5 4  - 5 8 . 0  3 3 7 . 5  R 

7 7 . 8  4 5 . 6  0 . 4 2 9 3  - - 11 .3  3 2 7 . 4  T 

- 1 3 1 . 4  4 3 . 0  0 . 2 9 3 5  - - 4 6 .  I 2 8 8 . 6  T 

- 9 6 . 2  1 7 . 8  0 . 0 9 7 8  - 1 0 . 8  3 0 1 . 9  T 

1 1 5 . 2  3 6 . 0  0 . 1 9 5 7  - - 3 1 . 6  2 9 6 . 6  T 

- 8 9 . 7  - 3 7 . 7  0 . 1 0 8 7  - 1 5 . 2  2 8 5 . 2  T 

- 7 8 . 6  - 5 6 . 3  0 . 1 3 0 4  - 3 2 . 8  2 7 8 . 9  T 

- 2 9 . 5  - 4 6 . 0  0 . 1 9 0 2  - 6 0 . 2  3 2 8 . 4  N 

- 4 3 . 2  7 3 . 4  0 . 0 8 1 5  - 6 1 . 3  2 5 6 . 9  N 
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T a b l e  8 ( c o n t i n u e d )  

Indian, V16-58, -46 .0  ° N, 30.0 ° E 

D e p t h  ( c m )  # D e c .  I n c .  R e l .  in t .  o%5 L a t .  (°  N )  L o n g .  ( °  E )  P o l .  

- 1 1 2 8 . 8  

1 1 2 8 . 2  

- 1 1 2 7 . 7  

- 1 1 2 7 . 2  

- 1 1 2 6 . 7  

- 1 1 2 6 . 1  

- 1 1 2 5 . 6  

- 1 1 2 5 . 1  

- 1 1 2 4 . 6  

- 1 1 2 4 . 1  

- I 1 2 3 . 5  

I 1 2 3 . 0  

- 1 1 2 2 . 4  

- 1 2 1 . 8  

- 1 2 1 . 3  

- 1:20.8 

- 1 2 0 . 3  

1 9 . 6  

- 1 9 . 0  

- 1 8 . 5  

- 1 7 . 9  

1 7 . 4  

16 .9  

- 1 6 . 3  

- 1 5 . 8  

- 1 5 . 3  

- 1 4 . 7  

- 1 4 . 2  

- 1 1 3 . 6  

- 1 1 3 . 0  

- 1 1 2 . 4  

1 1 1 . 9  

- 1 1 1 . 3  

- 1 1 0 . 8  

- 1 1 0 9 . 6  

I ] 0 8 . 4  

1 1 0 6 . 0  

- 1 1 0 5 . 5  

- 1 1 0 5 . 0  

- 1 1 0 4 . 5  

- 1104 .0  

- 1103 .5  

1 1 0 3 . 0  

- 1 1 0 2 . 5  

- 1 1 0 2 . 0  

- 1 1 0 1 . 5  

- 1 1 0 1 . 0  

- 1 1 0 0 . 5  

- 1 1 0 0 . 0  

- 1 0 9 9 . 5  

- 3 5 . 2  - 4 9 . 2  0 . 1 5 7 6  - 5 8 . 4  3 1 7 . 8  N 

- 7 2 . 1  - 3 3 . 4  0 . 1 0 8 7  - 2 5 . 3  2 9 9 . 5  I 

1 0 7 . 0  - 2 7 . 1  0 . 1 5 2 2  - - 1.1 2 7 7 . 9  I 

- 4 8 . 7  - 4 2 . 9  0 . 1 1 4 1  - 4 6 . 0  3 1 1 . 4  1 

- 3 4 . 8  - 5 9 . 7  0 . 1 5 2 2  - 6 4 . 3  2 9 9 . 6  N 

6 . 4  - 6 8 . 1  0 . 1 5 7 6  - 8 3 . 3  1 7 3 . 2  N 

- 2 4 . 9  - 7 0 . 0  0 . 2 1 2 0  - 7 2 . 2  2 6 4 . 4  N 

- 2 4 . 4  - 5 8 . 8  0 . 2 6 0 9  7 I.  1 3 1 1 . 2  N 

- 6 4 . 1  - 5 3 . 3  0 . 2 3 9 1  - 4 0 . 7  2 9 0 . 4  1 

- 2 1 . 2  5 6 . 8  0 . 2 3 3 7  - 7 2 . 1  3 2 1 . 1  N 

4 2 . 2  - 3 0 . 2  0 . 1 3 5 9  - 4 4 . 0  3 2 6 . 2  1 

7 4 . 5  - 4 0 . 7  0 . 1 5 7 6  - 2 7 . 0  2 9 3 . 7  l 

- 4 5 . 8  - 5 7 . 0  0 . 2 1 7 4  - 5 5 . 3  2 9 7 . 3  N 

2 . 2  - 7 3 . 7  0 . 2 0 1  I - 7 6 . 3  2 0 5 . 3  N 

- 3 1 . 9  - 5 4 . 0  0 . 2 7 7 2  - 6 3 . 3  3 1 4 . 1  N 

- 3 6 . 0  5 1 . 2  0 . 1 8 4 8  - 5 9 . 0  3 1 4 . 3  N 

- 4 9 . 6  5 4 . 0  0 . 2 1 2 0  - 5 1 . 1  2 9 9 . 1  l 

- 7 0 . 8  - 5 6 . 8  0 . 2 2 8 3  - 3 8 . 2  2 8 2 . 7  I 

- 4 2 . 2  - 4 6 . 3  0 . 1 9 5 7  - 5 2 . 1  3 1 4 . 2  I 

6 . 4  - 7 4 . 0  0 . 2 6 6 3  - 7 5 . 3  2 2 2 . 7  N 

8 . 2  - 6 1 . 2  0 . 5 5 9 8  - 8 3 . 0  9 0 . 7  N 

- 6 . 6  - 6 8 . 5  0 . 4 0 2 2  - 8 2 . 8  2 4 4 . 5  N 

1 9 . 9  - 6 5 . 6  0 . 3 6 9 6  - 7 6 . 3  2 8 5 . 3  N 

- 2 8 . 6  - 8 0 . 5  0 . 4 6 2 0  - 6 1 .  I 2 2 8 . 3  N 

- 4 4 . 3  - 6 1 . 3  0 . 2 8 2 6  5 8 . 5  2 9 0 . 3  N 

2 1 . 0  - 6 8 . 9  0 . 2 6 0 9  - 7 4 . 9  1 5 2 . 5  N 

- 5 . 3  - 6 1 . 8  0 . 5 0 0 0  - 8 5 . 2  3 3 6 . 6  N 

1 0 .3  - 6 5 . 3  0 . 5 7 6 1  - 8 2 . 8  1 3 4 . 8  N 

2 2 . 8  - 5 8 . 6  0 . 3 5 3 3  - 7 2 . 0  1 0 6 . 3  N 

- 1 8 .3  - 6 0 . 3  0 . 4 8 9 1  - 7 6 . 0  3 1 3 . 3  N 

- 2 . 9  - 6 5 . 3  0 . 4 9 4 6  - 8 7 . 6  2 6 4 . 0  N 

- 6 . 2  - 6 4 . 8  0 . 6 2 5 0  - 8 5 . 7  2 8 8 . 0  N 

2 9 . 3  - 6 7 . 7  0 . 5 9 2 4  - 7 0 . 1  1 4 4 . 2  N 

1.9 - 6 4 . 4  0 . 7 7 1 7  - 8 8 . 7  1 3 0 . 2  N 

- 6 . 0  6 8 . 6  0 . 6 1 4 1  - 8 2 . 9  2 4 1 . 5  N 

1 8 . 3  - 6 8 . 9  0 . 4 8 9 1  - 7 6 . 5  2 6 5 . 3  N 

7 . 8  - 6 2 . 3  0 . 5 9 2 4  - 8 4 . 0  9 9 . 4  N 

1.0  - 5 9 . 1  0 . 6 4 1 3  - 8 3 . 8  3 7 . 2  N 

2 . 2  - 5 9 . 8  0 . 6 9 0 2  - 8 4 . 4  4 7 . 5  N 

1.8 - 6 5 . 3  0 . 6 8 4 8  - 88 .  I t 6 9 . ( I  N 

1 1 .3  - 5 8 . 6  0 . 7 3 9 1  - 7 9 . 4  8 5 . 2  N 

4 . 8  5 6 . 0  0 . 7 7 1 7  - 7 9 . 9  5 2 . 5  N 

1 3 . 9  - 6 1 . 1  0 . 9 0 2 2  - 7 9 . 3  1 0 4 . 0  N 

1 7 .7  - 6 2 . 8  0 . 7 8 2 6  - 7 7 . 4  1 1 8 . 2  N 

1 8 . 4  - 5 8 . 9  0 . 8 5 8 7  - 7 5 . 1  1 0 1 . 3  N 

1 5 .5  - 6 3 . 2  1 . 0 0 0 0  - 7 9 . 0  1 1 8 . 8  N 

1 6 .5  - 5 8 . 3  0 . 9 7 2 8  - 7 6 . 0  9 5 . 8  N 

1 5 . 7  - 6 0 . 9  1 . 0 0 0 0  - 7 8 . 0  1 0 5 . 8  N 

- 2 . 8  - 6 0 . 4  0 . 9 4 5 7  - 8 4 . 9  5 .5  N 

- 2 . 2  - 6 3 . 2  0 . 7 2 8 3  - 8 8 . 0  3 3 9 . 1  N 

A l l  a n g u l a r  m e a s u r e m e n t s  in d e g r e e s .  # d e n o t e s  t h e  n u m b e r  o f  s a m p l e s  t a k e n  p e r  s t r a t i g r a p h i c  l e v e l .  T h e  p o l a r i t y  s t a t e s  a r e  d e n o t e d  ( R )  

r e v e r s e .  ( N )  n o r m a l ,  ( I )  i n t e r m e d i a t e ,  ( T )  t r a n s i t i o n a l .  
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